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I. INTRODUCTION 
Soybean responses to fertility differences^  have ranged from puzzling 
to discouraging, especially when dealing with conditions that are average 
or above for soybean production. If obvious nutrient deficiencies exist, 
yields can frequently be increased by appropriate fertilization in much 
the same manner as we find with other agronomic crops such as corn. 
For fields with soybean yields already above average for the area, 
recommending an appropriate fertilizer program, or an appropriate soil 
fertility goal, is much less clear cut. For example, among growers who 
have reported contest winning soybean yields, fertilizer additions ranged 
from zero (Dean Chandler of Illinois,who reported 95-16 bushels per acre 
in 1967) and 100 pounds per acre of 5-9-16 (N-P-K) (Ray Season of Iowa, 
who reported 92.98 bushels per acre in 1966), to 1400-253-1089 (N-P-K) 
(Harry Pick of Illinois, who reported 100.7 bushels per acre in 1968) (137f. 
Numerous attempts to raise yields above the slightly better than 
average category through fertility differences have been made, with 
limited consistent success. Observation of these results have led to two 
approaches. One was to investigate the influence of fertility differences 
on nutrient concentrations within the plant, and the other was to investi­
gate the factors which may influence yields, commonly referred to as yield 
•""For simplicity, throughout the Introduction and Literature Review, 
the term "fertility differences" will be used to include both soils 
differing in fertility level per se and soils to which fertilizers 
have been added specifically for the crop under consideration. 
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Numbers in parentheses refer to the reference numbers in 
Bibliography. 
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components. Examples of these yield components are plant height, lodging 
or disease susceptibility, degree of flower, pod, or seed abortion, and 
the number of days the crop exhibits each of several developmental stages, 
such as flowering or pod filling. 
Most of the literature dealing with nutrient concentrations in soybeans 
must be considered fragmentary, in that most studies have usually dealt 
with a limited number of nutrients, and a limited number of samples during 
the growing season. Of the few which have included many nutrients with 
extensive sampling, only one (66) included the influence of fertility 
differences on these concentrations. 
One area of yield component investigations that apparently has not 
been dealt with extensively is the length of time the soybean plant exhi­
bits each of several developmental stages. There is some indication that 
yield differences are largely a result of the length of time that dry 
matter accumulates in the seed, but the volume of data available with 
which to test this hypothesis, or test how fertility differences might 
influence these growth patterns, is limited. 
Another interesting facet of the approach investigating yield compo­
nents has been the high percentage of flowers, pods and seeds which fail 
to develop into mature seeds. As will be pointed out in the literature 
review, as many as 75% of the flowers initiated fail to develop into 
mature seeds, and many pods contain only 1 or 2 beans, A popular justifi­
cation for this high abortion of potential seeds is that the soybean plant 
does not produce and translocate to the nodes an adequate supply of photo-
synthate to support all these potential seeds. Despite the popularity 
of this hypothesis, there is surprisingly little literature available 
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dealing with available photosynthate levels in growing soybeans. The 
literature provides little insight, for example, into what form this 
critical photosynthate might be (although it is generally assumed to be a 
soluble carbohydrate), what concentrations of this form are normally 
present in various plant parts at various stages of the plant's develop­
ment,whether these levels can be readily modified, and if so, if their 
modification can result in increased seed yields. 
This evaluation of the current status of soybean fertility research 
led to the conclusions that researchers could benefit from inclusion into 
the literature of the following: 
1. The water-soluble-carbohydrate level of soybean plant parts at 
several stages of development, 
2. The nutrient content of plant parts at several developmental 
stages, 
3. The number of days between developmental stages, and 
4. The influence of P and K fertility differences on each of the 
three above, their associations with yield, and with each other. 
The research reported herein was undertaken to satisfy these four 
goals, 
4 
II. LITERATURE REVIEW 
A. Yield 
Soybean fertility studies provide a good example of the need for 
controlled experimentation upon which to base conclusions. Several reasons 
exist which, to the casual observer, tend to make soybeans appear less 
responsive to fertility differences than they actually are. In the Midwest, 
soybean responses are invariably compared to corn responses, and both crops 
are measured in bushels per acre. Since soybeans produce fewer bushels 
per acre, have more pounds per bushel, have a lower moisture content at 
harvest maturity, and store more energy per pound of grain (76), soybeans 
can hardly be expected to match corn in bushels per acre response. Pro­
ducers tend to apply higher levels of management to, and observe more 
critically, the crop that is more important to them, and soybeans are 
generally regarded as only the second most important crop to corn in the 
Midwest and to cotton or tobacco in the South. Comparisons of yield 
responses of soybeans to other crops can also be misleadingly influenced 
by the preceding crop in the rotation (124), varietal differences in 
response (23, 29, 43, 44, 45, 51, 77, 123, 136)^ , nutrients removed and 
returned by preceding crops, areas of adaptation of the respective crops 
(29, 124), differences in nutrient uptake patterns and subsequent response 
to fertilizer placement (9, 60, 61), and differences in rooting patterns 
(138, 152). Much of the responsiveness of corn, cotton, and tobacco was 
Also noted by G. E. Ham, W. W. Nelson, S. D. Evans, and R. D, 
Frazier. 1970. Influence of fertilizer placement on yield response of 
soybeans. Agron. Abstr. 1970:121. 
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established before the widespread application of statistical methods and 
computers to agricultural research, while the more recently studied soy­
bean crop has been evaluated with greater assistance from these critical 
evaluation tools. 
Nevertheless, most fertility response comparisons of corn and soybeans 
have evaluated responses in percentage increase. Logically, most research 
reviewed showed soybeans to be less responsive to increased fertility than 
corn, under a variety of experimental conditions (29, 87, 105, 130, 131, 
160). Barber (9) in Indiana, and Younts (173) in North Carolina, reported 
cases where soybeans were less responsive than corn to K, but more respon­
sive to P. Bray (22) and Melsted (99), working with the same extensive 
Illinois data, found soybeans to be less responsive than corn to K or to 
fertilizer P differences, but equally responsive to soil P differences. 
Shibles and Thompson (138) and Thompson and Herman (152) concluded that 
fertilizing corn or soybeans was equally profitable, even if not equally 
responsive when evaluated in percentage response. 
Interestingly, the research most often cited in support of soybeans 
being as responsive as corn to fertility differences is that of Pierre 
(131), in which he reported one two-year trial where corn and soybean 
bushel per acre yields were increased an identical 41% by application of 
lime and manure. But in the same report, he cited a series of seven 
trials during the same two years, where soybean yields were raised by 250-
300 pounds per acre of 0-9-15 (N-P-K) fertilizer in only two of the seven 
cases. His concluding comment on the relative responsiveness of soybeans 
and corn was "just as with other crops high yields can only be obtained 
on soils in a good state of fertility. Although soybeans do not respond 
6 
as well to direct fertilization with phosphorus and potassium fertilizer 
as do such crops as alfalfa or corn, they do respond well to good soil 
management practices. The use of lime and fertilizers in the rotation 
where necessary, the practice of contouring on rolling soils. and 
especially the use of manure all contribute to high acre yields." 
One of the most realistic and workable evaluations of the responsive­
ness of soybeans to fertility differences is that of Pendleton (128), who 
expressed the observation "... where soil test levels are low, yield re­
sponses of soybeans to added fertilizers and lime are profitable. Converse­
ly, when soil test levels are high, a grower should be very careful about 
his fertilizer purchases, and perhaps be looking first at other phases of 
his overall soybean-production program." A good example of the type of 
research which supports this viewpoint is his (128) review of Illinois 
trails during 1963 through 1967, which showed that most yields were in the 
40 to 50 bushel per acre range when fertilized, with check (unfertilized) 
yields as low as 20 bushels per acre. Generally, the fields with check 
yields above 40 bushels per acre showed only minimal responses to 
fertilizers, while the fields with check yields below 40 bushels per 
acre were more likely to respond. Rogers et al. (133), Ham et al.^ , 
Welch, Hall, and Nelson (170) and Vittum and Mulvey (160) reported similar 
trends. Yield responses to fertility differences have also been reported 
by several authors when check yields were 20 bushels per acre or below 
(28, 31, 85, 104, 105, 123). Minimal yield r-.-ponses, or low correlations 
G. E. Ham, W. W. Nelson, S. D. Evans, and R. D. Frazier. 1970. 
Influence of fertilizer placement on yield response of soybeans. Agron. 
Abstr. 1970:121. 
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between yield and fertility levels, have been noted in several cases when 
check yields were above 20 bushels per acre (24, 31, 52, 63, 70, 101, 105, 
166)^ . Several surveys (28, 85, 101) have found high soybean yields to 
be associated with high fertility levels. 
As previously suggested, the data reported throughout the literature 
are not all in agreement with the trend discussed in the preceding para­
graph. Reports of yield responses to fertility differences when check 
yields were not extremely low, or when fertility levels were high, have 
been made by Pendleton (128), Vittum and Mulvey (160), Colwell (31), and 
Miller, Pesek, and Hanway (105). Bhangoo and Albritton (M. S. Bhangoo, 
and D. J, Albritton. 1970. Effect of nitrogen, phosphorus, and potassium 
on yield and nutrient content of Lee soybeans. Agron. Abstr. 1970:115) 
were able to raise yields from 46.7, 45.7, and 27.4 to 62.0, 58.6, and 31.4 
bushels per acre, respectively, on three successive years with additions 
of 100-36-67 (N-P-K) fertilizer rates. To further complicate the issue, 
yield reductions to increased fertility levels have even been reported 
(24, 31, 39, 101, 104, 105, 106, 166); these were usually yield reductions 
to increases of a single fertility nutrient while a second nutrient was 
also very low in availability. 
The inconsistency of the preceding soybean fertility studies led 
researchers logically to look at more specific responses to fertility 
differences, since yield at maturity seemed to be an integration over 
several months of many factors which can influence yields. Many fertility 
Also noted by M. E. Kroetz, W. H. Schmidt, and M. Warner. 1969. 
The effect of cultural practices and soil test levels on plant composition 
and yield of soybeans in Northwest Ohio. Agron. Abstr. 1969:97. 
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researchers started investigating nutrient concentrations within the plant 
itself J to see if a lack of yield response was more apt to be related to 
problems of getting additional nutrients into the plant, or related to 
problems of utilizing the nutrients after they were in the plant. Other 
researchers turned to investigating possible yield components and the 
practices which might modify these components. A review of some yield 
component research will follow the next section on nutrient concentrations 
within the plant. 
B. Nutrient Composition 
Many researchers have included nutrient composition data with their 
results, but the large number of elements that may be considered, the 
several possible plant parts to sample, and the many stages of development 
available at which to take samples have complicated the ready assimilation 
of data into a concise package of deficiency, sufficiency, and toxicity 
levels of each nutrient for each plant part at each of the many stages of 
development. This section of the review will start with nutrient accumu­
lation patterns, in an attempt to put the section in perspective, followed 
by some of the more extensive sets of compositional data. Unfortunately, 
almost all these data are limited to five nutrients - N, P, K, Ca, and Mg. 
Leaf fall has generally been ignored except where noted as being included. 
Scott and Aldrich (137) pointed out that at seed filling stage, 
soybeans had taken up 70% of their total K, and 60% of their total N and 
P. Corn, at a similar stage of development, had 100% of its K, and 70% 
of its total N and P needs already fulfilled. Hammond, Black, and Norman 
(57), Hanway and Thompson (61), Hanway and Weber (62, 63, 64, 65), 
9 
Henderson and Kamprath (67), and Harper (66) have reported that cumulative 
nutrient uptake versus time curves were very similar to the corresponding 
dry matter accumulation curve for N, P, K, Ca, and Mg, especially until 
within one month of seed maturity. Generally, accumulation was relatively 
slow for the first 30 days, then increased sharply to a maximum accumula­
tion somewhere between full bloom and mid-pod-fill stages, after which 
accumulation either ceased, or showed a net decrease, especially if leaf 
fall was ignored. 
The nutrient accumulation data from the highest yielding plot reviewed 
were those of Henderson and Kamprath (67) in 1967, when they reported 
yields of 80 bushels per acre. These yields were evaluated from a few 
plants only, and as such were susceptible to more variability than yields 
based on larger samples. Table 1 shows their observed accumulation rates. 
Table 1. Rate of accumulation by field grown 'Lee' soybeans in 1967^  
Rate of accumulation (pounds /acre/day) 
40-60 daysb 60-100 daysb 100-110 daysb 
Dry matter 95 145 339 
N 2.4  3.1 6.9 
P 0.17 0.21 0.37 
K 2.4 1.3 4.1 
Ca 0.44 0-85 2.1 
Mg 0.20 0.29 0.69 
H^enderson and Kamprath (67). Seed yield was 80 bushels per acre. 
D^ays after emergence. 
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It is interesting to note that while the accumulation rates for 40 to 60 and 
60 to 100 days after emergence were in general agreement with other reported 
rates from lower yielding plots (61, 62, 63, 64, 65, 66, 67), the rates for 
100 to 110 days after emergence were markedly higher. Whether this column 
of data is a reflection of an abnormal sample at 100 or at 110 days after 
emergence, or a hint of the key to achieving higher seed yields, can only 
be speculated upon. 
With the possible exception of Harper's (66) data, all data from the 
above group of reports (61, 62, 63, 64, 67, 65) were consistent with 
Hammond and coworker's (57) observation that N, P, K, Ca, and Mg concen­
trations in the total plant tended to decrease throughout the season until 
the last few weeks. During the last few weeks, the concentration of the 
five nutrients changed very little if fallen leaves were accounted for. 
If fallen leaves were ignored, N, P, and K concentrations increased during 
these final few weeks while Ca and Mg concentrations decreased. This 
pattern supported the conclusion that while appreciable N, P, and K were 
translocated from other plant parts to the pods and seeds, little Ca or 
Mg was so translocated. Appendix A shows some of Hammond and coworker's 
(57) data for total uptake, maximum accumulation rate and when it occurred, 
amounts translocated to the pods and seeds from other plant parts, and 
distribution in the mature plant of N, P, K, Ca, and Mg. 
Harper's (66) data from hydroponic gravel cultures grown out-of-doors 
exhibited some variations from the above field-grown soybeans in seasonal 
trends of nutrient concentrations. Harper's sampling technique permitted 
plants to be spaced wider apart later in the season, and roots were not 
taken into consideration; Hammond et al. (57) had included the roots. Harper 
11 
observed some early season increases in percent P, K, and Ca, but Mg, Fe, 
Mn, Zn, Cu, and B concentrations tended to simply decrease throughout the 
season. Since Harper worked with four strengths of nutrient concentrations, 
he was able to observe that uptake of P, Ca, and Mg, but not of N or K, 
seemed related to the amount of those nutrients available. 
Hanway and Weber (62), combining three field experiments, found rela­
tively constant accumulation rates of 4.0, 0.36, and 1.4 pounds N, P, and 
K, respectively, per acre per day, during the 46-day period from stage 5 
through stage 9^ . Translocation of the three nutrients to the seed from 
vegetative parts began about stage 8, and accounted for about one-half of 
the mature seeds' total accumulation. Phosphorus and/or potassium ferti­
lization increased the accumulation rates of the added nutrient, but not 
of N or the one not added. The increased uptake of K occurred in the 
vegetative parts only. 
They (65) also noted variations in nutrient concentrations between 
plant parts, and throughout the season. Varieties differed little in 
composition. As an example, N content at stage 7 was 5 to 6% in young 
leaves, 4% in pods, 2.5 to 3.5% in stems, and 2 to 3% in petioles. At 
maturity, N contents were 6.5 to 6.8% in the seeds (higher on the top of 
the plant than the bottom), 2% in fallen leaves, 0.9% in pods, 0.7% in 
fallen petioles, and 0.6% in stems. Phosphorus content, which tended to 
be increased by N deficiency or P fertilization and to be decreased by N 
B^ased on Kalton, Weber, and Eldridge (84). Stages described in 
Appendix F, discussed briefly on p. 14 of this review. 
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fertilization, was fairly constant in the seeds regardless of position on 
the plant. Potassium content was increased by K fertilization, especially 
in the pulvini (which had the highest K content of any plant part initially), 
but only slightly in the seed. At maturity, K content was 1.7% in the 
seeds, 1.2% in pods, 0.4% in fallen leaves, 0.3% in fallen petioles, and 
0.2% in stems. 
Hammond et al. (57) reported average values of 1.10, 0.08, 0.16, 
3.86, and 2.06% N, P, K, Ca, and Mg, respectively, in fallen leaves, with 
all but Mg decreasing somewhat throughout the season. Corresponding 
values on a second, lower productivity soil, were lower for N, P, and Mg, 
similar for Ca, and higher for K. Dividing the crop up into 17 weekly 
sampling dates, the crop grown on the more productive Webster soil exhib­
ited the concentration ranges shown in Appendix B, with few significant 
deviations from a systematic change at intermediate sampling dates. 
Jones (83) has reported several sets of values from work at the Ohio 
Plant Analysis Laboratory, which has the capability of analyzing for 12 
elements. Some of these values have been combined into Appendix C. The 
first set of values are those used by the lab as a guideline for inter­
pretation of the sufficiency of a particular nutrient for good soybean 
growth, based on the composition of the top, fully developed leaf at full 
bloom stage. The second set of values compared concentrations which might 
be expected from upper and lower stems and leaves (the stage of development 
was not specified). The final values are the averages of the 132 samples 
analyzed in 1965, along with a confidence interval of the mean plus or 
minus one standard deviation (S). 
Sprague (146), as shown in Appendix D, lists 12 nutrient concentra-
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tions for healthy plants, plus the upper limit for deficient plants, based 
on entire tops at bloom stage, rather than top fully developed leaf. 
Henderson and Kamprath (67) also included rather extensive data for N, P, 
K, Ca, and Mg concentrations of plant parts throughout the season for 
each of three years, when seed yields were 35, 80, and 50 bushels per 
acre. Finally, Appendix E contains a listing of some additional references, 
by nutrient, with the value or range of values reported. The values cited 
show great variability due to differences in plant part, stage of develop­
ment, and experimental conditions. The comments introducing each nutrient 
are those of Scott and Aldrich (137). 
C. Growth Patterns and Other Yield Components 
Determining from the available literature which yield components are 
most influential on seed yields is complicated by at least two problems. 
The first is that much of the literature on yield components is fragmen­
tary, with most studies reporting on only a few components, often in a 
manner which left the impression that such data were of secondary impor­
tance to the study. It is unlikely that this problem will soon be over­
come, since so many potential yield components appear logical enough to 
warrant investigation that a comprehensive study of a very big percentage 
of these factors would be a large undertaking. The second complication is 
relative to the long period of time over which yield can presumably be 
influenced. Observations at one stage of development are difficult to 
relate to observations at some other stage of growth, especially in 
someone else's data. 
This second complication has been accentuated by a lack of a widely 
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accepted method of identifying stages of development precisely enough to 
allow verification of results by other researchers. As an example, the 
frequently cited term "flowering period" may extend over five weeks or 
more in the Midwest. In 1949, Kalton, Weber, and Eldridge (84) published 
the system for describing developmental stages shown as Appendix F. In­
cluded with the description of each stage is the average date that 'Rich­
land* variety reached that stage in Ames, Iowa, during 1943 through 1946. 
The system incorporated the idea that yield component data at a certain 
developmental stage from one study should correspond to similar data at 
the same stage in another study, even though the calendar date when the 
developmental stage was achieved may differ in the two studies. Hanway 
and Thompson (61) later presented the same system with some color photo­
graphs of several of the stages. 
Since the staging system of Kalton et al. (84) had some shortcomings 
when attempting to relate the inde terminant varieties of the Midwest (which 
continue vegetative growth long after the start of flowering) to the 
determinant varieties of the South (which start flowering later in the 
season, and cease most vegetative growth soon after flowering starts), 
Fehr et al. (49) recently published the modified staging system shown in 
Appendix G. An earlier (1970) version of Fehr and coworker's modification 
is shown as Appendix H. These modifications defined vegetative and repro­
ductive stages separately. Two of the reproductive stages were based on 
flowering, two on pod development, two on seed development, and two on 
maturity of the plant as a whole. Unfortunately, as will be noted through­
out the remainder of this review, most of the literature have not utilized 
these systems. 
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Howell (75) realistically pointed out that "The close association of 
yield with environmental conditions during seed development makes it un­
likely that any precise method of estimating yield very far in advance 
of maturity will be found." One of the more extensive studies correlating 
yield with weather variables is that of Runge and Ode 11 (134), who summa­
rized data at the University of Illinois Agronomy South Farm from 1909 
through 1957, breaking the growing season up into eight-day increments. 
They noted that above average rainfall was detrimental to yield prior to 
July 1, advantageous during July (a period of major vegetative growth 
and blooming), slightly detrimental during the first half of August (early 
pod set), advantageous from mid-August to mid-September (grain filling), 
and detrimental after mid-September, perhaps mostly through its influence 
on harvest per se. The maximum daily temperatures usually encountered 
during July and August were too high for optimum yield. Similarly, 
Thompson (L. M. Thompson. 1969. Weather and technology in the production 
of soybeans in the central United States. Agron. Abstr. 1969:148) in Iowa 
observed that highest yields were associated with cooler than normal Julys 
and Augusts, but with warmer than normal Junes. Highest yields were also 
associated with normal precipitation in June and September, but with above 
normal precipitation in July and August. Saito et al. (135) observed that 
cold temperatures (15°C) at flowering reduced the number of pods, percen­
tage of pods set, seeds per pod, and seed yield, with longer cold periods 
producing greater reductions. 
Howell (75) quoted personal communication with D. M. Brown that 
"growth prior to maximum podding was closely related to degree days, but 
from podding to maturity growth was more closely related to number of days 
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than to degree days." Scott and Aldrich (137) noted "there is little 
difference between varieties in the rate of dry matter accumulation. Yield 
differences are largely a result of the length of time that dry matter 
accumulates in the seed." The work of Hanway and Thompson (61) and Hanway 
and Weber (64) also noted that the length of time dry matter accumulated 
was more closely associated with yield than was the accumulation rate, 
and that the rate of accumulation was quite linear from stages 5 through 
9^ . Henderson and Kamprath's (67) data also exhibited a linear trend of 
dry matter accumulation in each of the three years studied. In contrast, 
Hammond and Kirkham (58) considered dry matter accumulation to be logarith­
mic in each of their three segments of the growing season, but the limited 
number of points they had in each segment hampered the acceptance of their 
proposal of logarithmic accumulation. 
Shibles and Weber (139) observed that higher plant population tended 
to extend the vegetative growth period, encroaching upon seed production 
time. Martin (96) pointed out that Henderson and Kamprath's (67) data 
also suggest yield was influenced by differential utilization of photo-
synthate for vegetative growth on seed production, since the ratio of pod 
plus seed weight to vegetative parts weights was more closely correlated 
to yield than was total dry matter accumulated. The relatively constant 
total vegetative growth in each of the three years (4,242 pounds per acre 
in 1966, 4,763 in 1967, and 4,467 in 1968), in spite of greatly different 
yields (35, 80, and 50 bushels per acre, respectively), support Mann and 
B^ased on Kalton, Weber, and Eldridge (84). Stage described in 
Appendix F, discussed briefly on p. 14 of this review. 
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Jaworski's (95) contention that vegetative needs had priority on photo-
synthate, leaving for reproductive growth that which was not needed for 
vegetative growth. 
Johnson and Pendleton (81) noted that 20.4, 65.4 and 14.2% of the 
total leaf weight was present on the top, middle, and bottom thirds, 
respectively, of 18-node plants, and that defoliation of each third 
reduced yields 17, 22, and 4%, respectively. McAlistar and Krober (91) 
and Benepal and Martin (P. S. Bene pal, and L. F. Martin. 1969. The effect 
of insect damage on the photosynthetic efficiency of soybean foliage. 
Agron. Abstr, 1969:38) also investigated how yields were reduced by defo­
liation if the treatment was severe enough. Mann and Jaworski (95) noted 
that pod set was reduced by shading without lodging but not by lodging 
without shading. Pod set was also reduced by temperatures above 40 degrees 
Centigrade, and by calcium or nitrogen deficiencies. Ohlrogge (125) also 
reported dependence of pod set on N level at bloom period. 
As early as the mid 1920's, Borst and Thatcher (21) noted that the 
number of days from planting to maturity was decreased 0.3 to 0.4 days 
per day delay in planting, with seasonal differences of 1/3 to 2/3 of 
that decrease coming from blooming to maturity. Nelson et al. (123) 
observed that K fertilization on a K deficient soil delayed maturity, 
while Hanway and Weber (63) observed little influence of K fertilization 
on maturity. Vittum and Mulvey (160) were able to hasten maturity of 
plots showing K deficiency symptoms by additions of both P and K ferti­
lizers . 
Howell (74) reported that either extremely high or low P levels 
delayed the start of flowering. The delay by a P deficiency was also 
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noted by Evans, Lathwell, and Mederski (47). Nelson et al. (123) ob­
served that K fertilization doubled the number of pods held on the plant, 
and increased the percentage of pod cavities filled by 33%.. Buttery (27) 
noted that his yield responses to fertilization were accompanied by lower 
flower and pod abortion, giving more pods per node. Vittum and Mulvey's 
(160) fertility responses were frequently associated with more pods per 
plant, more seeds per pod, and greater seed weight. Taguchi and Oba (150) 
found pods per plant correlated better with yield than any yield component 
they evaluated. Mordaseva (108) concluded seed abortion was more serious 
in early maturing Russian varieties than late maturing ones, and that good 
fertilization practices could largely overcome the problem. Hicks et al. 
(70) found fertilization of a highly productive Illinois soil had little 
influence on yield or any yield component, but that a greater percentage 
of total leaf weight was in the top one-third of the plant. 
Frazier (R. D. Frazier. 1966. Growth and development of soybeans 
as related to nutrient composition and environmental factors. Ph.D. 
thesis, Purdue Univ., Lafayette, Indiana) noted that grain yield was posi­
tively correlated with foliar K, Mg, Fe, and Cu levels, that pods per 
plant were positively correlated with foliar Cu, Mn, and Zn, and that 
seed weight was positively correlated with foliar K and Mn, but negatively 
correlated with foliar Zn. 
DeMooy and Pesek (38), working with low P soils in the greenhouse, 
observed that P levels which produced maximum early leaf growth were too 
high for maximum seed yields. Buttery (26) also noted that rapid early 
leaf production was associated with lower yields. Some Japanese and 
Russian work (7, 8, 110, 111) with high P nutrient solutions added or 
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withheld at various stages of growth agreed that extremely high or low P 
levels can be detrimental to yield, and that flowering and early seed set 
periods appeared to be critical ones. While P late in the season tended 
to go into fat production, early season P tended to go to proteins and 
sugar-phosphates. 
Hanway and Thompson (61) summarized that during seed set, abundant 
sugars and nutrients were needed to avoid excess flower, pod, and seed 
abortion, and to fill the seed. Since sugars, photosynthate, or avail­
able carbohydrate have been cited in several references, and since much 
of the literature seems consistent with a hypothesis that yield moderators 
may exert their influence via the photosynthate levels, a review of carbo­
hydrate composition of soybeans follows. 
D. Water-Soluble-Carbohydrates 
Reviewing the literature concerning sugars, photosynthate, or other 
carbohydrate fractions in the plant leads to the realization that results 
are very dependent on the methods of extraction and analysis utilized. 
While paper, gas, and liquid chromatographic techniques have not been 
subjected to much criticism as to the validity of the results obtained, 
these methods are not particularly well suited to routine analysis of large 
numbers of samples, particularly in laboratories which do not already have 
the equipment and a trained technician available. Simpler methods for 
analysis of groups of carbohydrates, such as total digestible carbohydrates 
(of forage feeds) or total reserve carbohydrates (of forage roots) are 
better suited for some purposes than others, depending upon which of the 
fractions present a researcher wants included or excluded from his analyses. 
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For example, animal scientists may want to distinguish between total non­
structural carbohydrates (TNC) and total available carbohydrates (TAC), 
since animals can digest and utilize some structural carbohydrates. 
Agronomists, on the other hand, may consider the two terms as synonomous, 
since plants metabolize very few structural carbohydrates. Furthermore, 
the interrelationships and convertibility between many carbohydrate 
fractions, and the level of knowledge of which fractions fulfill what 
metabolic roles, often makes the decision of which fractions are desired 
in an analysis more of an educated guess than a known fact. 
1. Methods 
It should be pointed out that most research on methods reported herein 
has been conducted on forages, not on soybeans. Application of these 
results to soybeans will be yet another problem. Among the forages, legumes 
such as alfalfa and the clovers (red, white, and sweet), and tropical and 
subtropical perennial grasses such as bermudagrass, bahiagrass, and dallis-
grass tend to accumulate sucrose (a glucose-fructose disaccharide) and 
starch (a glucose polymer), while temperate grasses such as timothy and 
orchard grass tend to accumulate sucrose and fructosans (short chain 
fructose polymers) (142, 144). Of the starches, amylopectins (water in­
soluble, high molecular weight, branched polymers) probably predominate 
over amy lose (water soluble, low molecular weight, straight chain polymers). 
Fructosans were frequently present in larger quantities than sucrose in 
the temperate season grasses. Except for seeds and seedlings, carbohydrate 
components of soybeans have not been well characterized. 
Oven drying of samples, compared to immediate arialysis of fresh samples 
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or to freeze-drying, appeared to lower the content of most carbohydrate 
groups, especially if dryness was reached, apparently via hydrolysis of 
polymers to component sugars or small organic acids (32, 37, 93, 142, 162). 
Greater decreases were noted with higher temperatures, especially in the 
starch-storing species. 
Extractions of plant material to put the desired carbohydrate frac­
tions into solution for analysis have included water (56, 92, 93, 143, 144, 
162), alcohols (54, 162, 171), weak acids (25, 54, 56, 142), and 
enzymes (37, 54, 55, 56, 92, 142, 144). Generally, cold water extracted 
less than hot water, which may extract less than alcohols or acids. Ex­
tractions involving alcohols, acids, and enzymatic activity may be 
bothered by conversions, generally breakdown, of some fractions into 
others, which may be good or bad, depending upon the carbohydrates in­
volved and desired. Alcohol extractions have also been found to require 
a "clarification" step to remove proteins or starch components extracted 
(54, 162, 171). Apparently, cold water extracts the monosaccharides 
glucose and fructose, the oligosaccharides sucrose, melibose, raffinose, 
and stachyose, and the fructosans from grasses (92). 
Several methods for actual quantitative analysis of extracted carbo­
hydrates have been reviewed, but the differences between methods seem 
smaller than those caused by extraction and sample preparation differences. 
The most widely used are modifications of Somogyi's reducing sugar method, 
which reacts differently to glucose than to fructose (171), does not 
react with non-reducing sugars such as sucrose (48), and is variably 
sensitive to pH (171). Enzymatic analyses may be too specific for sub­
strates to react with, and are subject to several metabolic interferents 
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(48). Anthrone reagents have been found to be too inclusive for some 
soluble-carbohydrate work (48), while missing some simple sugars and ex­
hibiting sensitivity to a variety of interferences (40, 41). 
A procedure seldom reviewed in the literature was proposed by Dubois 
et al. (40, 41), developing a yellow-orange color with phenol in the 
presence of sulfuric acid. All simple sugars, oligosaccharides, poly­
saccharides, and their derivatives, including the methyl ethers with a 
free or potentially free reducing group, develop the color, which is 
stable and relatively free from interferences. This procedure was modi­
fied for use in this thesis, and as such will be discussed in more detail 
later. 
2. Carbohydrates in soybeans 
Much of the evidence for the role or roles of carbohydrates in the 
soybean plant is either indirect or simply correlative, as opposed to more 
direct, controlled treatment types of research. For example, Johnson et 
al. (82) found that supplying supplemental light to the upper, middle, or 
bottom third of field-grown soybeans increased yields by 30, 20, and 2%, 
respectively, presumably due to increased production of photosynthate. 
The yield increases were accompanied by increases in numbers of branches, 
nodes, pods, seeds, pods per node, and seeds per pod, as well as oil 
content. Howell (75) reported that shading plants resulted in reduced 
pod set and increased pod abortion. Brun and Hardman (if. A. Brun, and 
L, L. Hardman. 1970. The effect of atmospheric carbon dioxide enrichment 
on growth and yield components of soybeans. Glycine max (L.) Merrill var. 
Hark. Agron. Abstr. 1970:29) found that increasing the CO^  content of the 
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air from a normal 300 to 1200 ppm increased the photosynthetic rate of 
the leaves, with subsequent increases in pod numbers and seed yield if 
done during or after flowering. Curtis, Ogren, and Hageman (36), on the 
other hand, found poor correlation between seedling photosynthetic rate 
and varietal yields, all of which were below 27 bushels per acre. 
Sugars, such as glucose or sucrose, have been found to replace or 
minimize the light requirement necessary to induce flowering of soybeans 
(35) and other short-day crops (88). Additions of sugars to soybeans 
have been found to delay normal leaf abscission (140, 154), to promote 
earlier flowering (126), and to increase nitrogen fixation when added to 
the nodules (6). Brown, Holmes, and Tiffin (23) found the reducing sugar 
level of variety 'Hawkeye' (an efficient iron user) to be variably up to 
twice as high as in an iron inefficient Plant Introduction Line. 
Specific component carbohydrates of soybeans are difficult to study 
due to the speed in which many products are formed. Among the products 
reported to be photosynthesized within 5 to 90 seconds are 2- and 3-
phosphoglyceric acid, diphosphoglyeerie acid ("probably"), glyceric acid, 
glycine, alanine, serine, trioses, glucose, sucrose, raffinose, mannose, 
and sedoheptulose-phosphate (2, 4, 132, 157). Hymowitz, Collins, and 
Panczner (T. Hymowitz, F. I. Collins, and J. Panczner. 1971. Applica­
tion of gas-liquid chromatography to the analysis of sugars in soybean 
seed. Agron. Abstr. 1971:55) reported that the principal carbohydrates 
in mature seeds were sucrose, raffinose, and stachyose, in decreasing 
order of concentration. This is consistent with Wahab and Burris' (161) 
observation that most water soluble carbohydrates in a viable soybean seed 
were nonreducing sugars. 
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Most reports agree that sucrose is usually the primary, or at least 
an important, carbohydrate form involved in transport from the leaf to 
other parts of the plant (68, 112, 113, 114, 115, 116, 121, 129, 158, 
167), moving perhaps more readily in the dark than in the light (112, 
116, 118). Other carbohydrate fractions reported to be translocated in 
intact soybean seedlings include glucose (68, 112, 116, 118, 129, 158), 
fructose (68, 129, 158), malic acid (113, 114), serine (113, 114, 118), 
and arganine (118). 
A wide variety of sugars, amino acids, and their derivatives have 
been shown to be translocated per se if introduced to the stump of a cut 
petiole (112, 113, 115, 117, 118, 119). This work, coupled with girdling 
(partial and complete), steam killing portions of a plant, and use of 
metabolic inhibitors such as KCN, have led to theories on how these 
carbohydrates move, and at what rates. Nelson and coworkers (113, 121 
129) have suggested there are three pathways operative in translocating 
carbohydrates within the plant : 
1. Phloem cells, with rates of 100 cm per hour. 
2. Xylem calls, with rates of 2 cm per second. 
3. Living tissue such as cortex, phloem, or pith cells, with rates 
of 2 cm per second. 
They suggested that pathway 1 was the primary pathway for photosynthate, 
and that sucrose could also move via pathway 3. Metabolized glucose and 
fructose, and products introduced to a cut petiole stump appeared to move 
through the nonliving cells of pathway 2. The concentration of translo­
cated forms decreased logarithmically with distance from the source of 
that form (20, 34, 68, 102, 114, 115, 116, 117, 118, 119, 120, 155). 
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Deviations from the above pattern have been noted (68, 112, 115, 120, 
121). Thaine, Ovenden, and Turner (151) also suggested that photosyn-
thate moved in response to a gradient of total assimilate, rather than 
its own carbohydrate form solely. 
The concensus of researchers studying patterns of movement of photo-
synthate in the soybean seems to be that before flowering, photosynthate 
is exported from mature leaves to roots, new leaves, and the apical 
meristem (growing point) (3, 12, 13, 16, 19, 20, 151, 153)^ . New leaves 
are importers of photosynthate until 33% (107), 50% (153, 154), or 60% 
(151) fully expanded, after which they soon become exporters. The reci­
pient of a particular leaf's photosynthate is determined by the distance 
between the source and potential recipients (12, 15, 19, 34, 69, 86, 151, 
153). 
Several workers (3, 14, 15, 16, 34, 69, 86, 118, 151, 153, 154) have 
proposed that recipients of photosynthate ("sinks") exert a pull or demand 
for photosynthate, and that the magnitude of the demand decreased with 
distance from the source. Belikov (14, 15) pointed out that since removal 
of pods from one node resulted in the pods on the next lower node utiliz­
ing much more photosynthate than it normally had available, the demand 
or requirement by seeds for photosynthate must be greater than the amount 
normally supplied. Nelson and Gorham (118) cited the fact that removing 
roots from a seedling disrupted the normal logarithmic pattern of photo­
synthate movement as evidence that roots exert a demand for photosynthate. 
A^lso noted by R. V. Bloomquist, and C. A. Kust. 1970. Transloca­
tion pattern of soybeans as affected by maturity and growth substances. 
Agron. Abstr. 1970: 28-29. 
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Aronoff (3) also supported the theory that sink demand was responsible for 
photosynthate movement, since no photosynthate would flow out from the 
petiole of an excised, photosynthesizing leaf in 24 hours. 
Since forages have been shown to exhibit seasonal and diurnal fluc­
tuations in carbohydrate content (72, 89, 162, 163), and since photosyn­
thesis and many aspects of carbohydrate metabolism are light dependent, 
soybean carbohydrate concentrations might also be expected to exhibit 
diurnal and seasonal fluctuations. The additional complication caused 
by use of various methods of analysis makes interpretation of the limited 
data on carbohydrate concentrations difficult to interpret. 
Togari, Kato, and Ebata (156) found that both sugars and starch 
increased in each of three varieties at flowering time. Belikov and 
Nedel'ko (18) noted that reducing substances decreased and sugars in­
creased in soybean tops from mid-August until maturity. As early as 1925, 
Metzger et al- (101) noted that sucrose concentrations of two field-grown 
soybean varieties increased from 0.77 and 0.60% at 30 days of age to 3.08 
and 2.78%, respectively, at 130 days. Total sugars for the same varieties 
and time decreased from 6.04 and 5.19% to 4.36 and 3.91%, respectively, 
as did free reducing sugars, from 5.03 and 4.36% to 1.03 and 1.12%, 
respectively. Wolf et al. (172) cited total sugar values of 0.58 to 
3.30% in nine week old seedling leaves, while the stems contained 0.78 
to 1.46% total sugars with some indication that total sugars were positive­
ly correlated with N level. Eaton (46) found total carbohydrate (in­
cluding starch) to be higher (6.2 to 9.3%) when P was limiting than when 
P levels were adequate (1.7 to 2.9%). Cartter and Hopper (28) surveyed 
ten soybean lines grown in five states for five years, and noted that 
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total sugar content of the seed ranged from 2.70 to 11.97%, with a mean 
value of 7.97%. 
More recently, MacRae (94) reported that freeze-dried soybean leaf 
samples contained approximately 7.5% starch, and a similar amount of 
alcohol-soluble sugars. Hymowitz and Hsu (79) found that N, P, or K 
fertilizers had little influence on the total sugar content of soybean 
seeds, with all values between 11.8 and 13.0% total sugar. Seed yields 
ranged from 22.3 to 45.4 bushels per acre. Hsu (S. H, Hsu. 1970. Carbo­
hydrates in soybeans (Glycine max (L.) Merrill. Hi.D. Thesis, Univ. of 
Illinois, Urbana, Illinois) found a range of 10.4 to 14.6% carbohydrate 
in soybean seeds, noting that immature seeds contained hexoses and starch 
in addition to the sucrose, raffinose, and stachyose found in mature 
seeds. In another study with two high-oil varieties and two low-oil 
lines, she observed that total sugar content of leaves was highest (10 
to 12%) at 32 days after emergence, lower (5 to 6%) at the beginning of 
flowering, somewhat higher (8% on high-oil varieties, 15% on low-oil 
varieties) at the end of flowering, and lowest (2 to 3%) at maturity. 
Stems followed a similar pattern, with concentrations of 9 to 10% at 20 
days, 5 to 6% at beginning of flowering, 5 to 6% (high-oil) or 7% (low-
oil) at the end of flowering, and 1 to 2% at maturity. Roots contained 
5 to 6% total sugars at 20 days, 7 to 8% during flowering, and 2% or less 
at maturity. 
Finally, Saito et al. (135) observed that leaves contained 2% total 
sugar five days before flowering, 7 to 10% ten days later, and slowly 
decreasing levels to maturity. The sugar content of the stems was 6% ten 
days before flowering, then down to near 2% by ten days after flower 
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initiation. The reducing sugar fraction of the stem sugars followed the 
same trend, except that if cold temperatures (15°C) were applied anytime 
during the 20-day interval, the reducing sugar content promptly rose. 
It should be noted that their work was conducted in an elaborate green­
house environment, with a variety (Kitami-Shiro) which exhibited 82 to 
87% pod set in two experiments; this pod set is extremely high compared 
to field grown soybeans of the Midwest. 
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III. MATERIALS AND METHODS 
A. Field Work 
Field work was conducted at the Iowa State University Agronomy-
Agricultural Engineering Research Center, Boone, Iowa, located five miles 
west of Ames, Iowa. The three sites utilized in this research were 
designated S-5, S-6, and S-8, and will be referred to throughout this 
paper as sites 5, 6, and 8, respectively^ . Eight main fertility plots 
were established on each site, permitting two replicates of four treat­
ments - check, high P fertility, high K fertility, and high P and K 
fertility. Each main plot was 9.14 meters (30 feet) by 12.19 meters (40 
feet), permitting 16 76-cm-wide rows, 9.14 meters long. Treble super 
phosphate and/or muriate of potash fertilizers were used to establish 
the high P and/or K treatments, respectively. 
Each year, one site was utilized for soybeans, and a second was 
planted to corn. Soybeans always followed corn in rotation to break soy­
bean disease cycles. Sites 5 (corn) and 6 (soybeans) were utilized in 
1969, and in 1970 with the crops reversed. In 1971, sites 6 (soybeans) 
and 8 (com) were used. When in soybeans, three varieties of soybeans 
were planted across each replicate, and only the interior 12 rows of the 
16 rows available were sampled. This established 24 subplots, each 4 
rows wide and 9.14 meters long. 
Sites were not referred to as 1, 2, and 3 simply to avoid confusion 
for those readers who are familiar with the Research Center site numbering 
system and/or this research. 
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1. Site description, histories, and establishment 
Site 5 (utilized in 1969 and 1970) was originally mapped as a Webster 
silt loam (a member of the fine-loamy, mixed noncalcareous, me sic family 
of typic haplaquolls)J although observed pH and crop response indicated 
that the recently designated Canisteo series (fine-loany, mixed, calcar­
eous, mesic family of the same suborder) was probably more appropriate. 
The site uniformly sloped gently from east to west, with the western end 
of the site being near enough to the foot of the slope to be influenced 
by a high water table during wet periods. The surface soil was calcareous, 
low in available P, and very low in available K. 
Treatments were established in late fall 1965, after soil samples 
were taken at a 0 to 15 cm depth on November 19, by broadcasting and 
plowing under on the appropriate plots equivalent rates of 112 kg F/ha} 
and/or 448 kg K/ha. Corn was grown on this site in 1966. On May 24, 
1966, soil samples were taken at 0 to 15, 15 to 30, 30 to 45, and 45 to 
60 cm depths. 
In 1967, the site was fallow, and disced regularly to control weeds. 
Soybeans were grown in 1968. On July 3, 1968, soil samples were taken 
at a 0 to 15 cm depth. The plots were re-fertilized on October 28, 1968, 
by broadcasting and plowing under equivalent rates of 93 kg P/ha and/or 
370 kg K/ha. 
Site 6 (utilized in 1969, 1970, and 1971) was also mapped as a Webster 
silt loam. The site was slightly rolling, with a minor depressional area 
at the south end of the site (plots 101 and 201), and a lesser depression 
T^o convert kg/ha to pounds/acre, multiply by 1.12. 
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9 to 18 meters from the north end of the site (plots 103 and 203). The 
surface soil was somewhat acid in reaction, and tested low to medium in 
available P and K. 
This site was established in spring 1969, with each replicate in­
cluding an unused plot between the first and second plots from the south, 
to avoid an old backfurrow that ran east and west across the site. The 
site had been in alfalfa prior to 1969, and was plowed in fall 1968. On 
April 25, 1969, equivalent rates of 202 kg P/ha and/or 784 kg K/ha were 
broadcast and disced into the appropriate plots. The first soil samples 
were taken from this site on June 16, 1969. 
Site 8 (utilized in 1971) was also mapped as a Webster silt loam, 
was adjacent to site 6, and sloped slightly to the north, east, and south 
from the middle of the site. Excess moisture appeared to be less of a 
potential problem on this site than on sites 5 or 6. The surface soil 
was somewhat acid in reaction, low in available P, and low to medium in 
available K. 
The site was established in fall 1970, and like site 6, included 
unused plots between the first and second plots from the south to avoid 
an old backfurrow. The site was in soybeans in 1970, and had been in 
alfalfa prior to that. Soil samples were taken at a 0 to 15 cm depth on 
November 8, 1970. On November 19, 1970, equivalent rates of 224 kg P/ha 
and/or 770 kg K/ha were broadcast and plowed under on the appropriate 
plots. 
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2. Conduct of field work 
In 1969, sites 5 (corn) and 6 (soybeans) were utilized. 
On May 7, 1969, site 5 received 224 kg N/ha (as ammonium nitrate), 
broadcast and disced in, on one half of each replicate, as shown on the 
1970 plot map of this site (Appendix I). On May 26, Pioneer 3510 corn 
was planted in 75 cm rows, at 64,245 plants/ha (26,000 plants/A), over 
the entire site. Of the 16 rows in each replicate (and each plot), 8 
had added N fertilizer and 8 did not. The site was rotary hoed, culti­
vated, and hand weeded as needed to control the few weeds present. The 
plots were hand harvested on October 23 through November 4, by picking 
all ears on the interior 6.53 meters (1/1977 ha, or 1/800 acre) on each 
of the inside six rows of each nitrogen subplot. The ear corn from each 
row was weighed in the field, and a subsample, combined over the six 
harvested rows in each nitrogen subplot, was,kept from which moisture 
content and shelling percentage were determined. Final stand and lodged 
stalks were also counted since a severe storm (3.25 cm of rain in 10 
minutes, 129 to 145 kms/hr winds (80 to 90 mph), and hail) on September 6 
had caused non-uniform damage to the site. The site was plowed in 
November, 1969. 
On May 27, 1969, site 6 was planted to soybeans, using varieties 
'Hark' (early maturity) , 'Amsoy ' (medium maturity), and 'Wayne* (late 
maturity), as shown on the 1969 plot map of this site (Appendix J). The 
site was rotary hoed, cultivated, and hand weeded as needed to control 
weeds. A heavy infestation of smartweed was observed on this site 
throughout the season. 
On June 18, five plants were arbitrarily chosen and pulled from each 
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of the first and fourth rows of each variety in each plot. Roots were 
cut off at the cotyledonary node, and the 10 plants from each subplot 
were combined into a single sample, dried at 140°F, and kept for later 
analysis. All varieties on all plots were at approximately stage 1^  on 
that sampling date. The plant tops were not separated into component 
parts. 
2 On July 18, Hark and Amsoy varieties were at stage 5 , and were 
sampled as at stage 1, except that each sample was separated into leaves, 
petioles, and all else (stems and flowers, primarily). Wayne was simi­
larly sampled at stage 5 on July 29. On August 1, the entire site, the 
grass borders surrounding the site, and the nearest end of an adjacent 
hay field were sprayed with Malathion to control grasshoppers. 
On August 19 (31 days after stage 5), Hark and Amsoy were sampled 
by pulling all plants from a 1.5 meter (5 feet) long section of the first 
row. Roots were removed as before. The top mature leaf was removed from 
each plant, combined into a sample for each subplot, dried, and saved for 
analysis. The remainder of all plant material from each 1.5 meter sample 
was dried and weighed, so that when compared with future samples, a 
measure of total dry matter accumulation rate could be obtained. Before 
discarding the dried and weighed plant material, pods and beans were 
separated and kept for future analysis. Hark and Amsoy were again simi­
larly sampled on August 27 (39 days after stage 5), and on September 2 
B^ased on Kalton et al. (84). Stages are described in Appendix F. 
2 Based on Kaltcn ec al. (84). Stages are described in Appendix F. 
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(45 days after stage 5). Wayne was similarly sampled on August 29 (31 
days after stage 5), and on September 5 (38 days after stage 5). 
A severe storm on September 6 uniformly lodged the plants to the 
extent that no plant material was more than 30 cm above the ground. Hail 
damage was also very evident. On September 9 (52 days after stage 5), 
ten apparently representative plants were pulled from the fourth row of 
Hark and Amsoy, and the roots removed. Pods and beans were separated and 
dried for future analysis, as were the stems. The few leaves that re­
mained were discarded. Wayne was similarly sampled on September 12 (45 
days after stage 5), and on September 19 (52 days after stage 5). 
On October 4, Hark and Amsoy were harvested by cutting at ground 
level with a scythette the interior 6.1 meters (20 feet) of the second 
and third row of each subplot, and threshing in a small, gasoline-engine 
driven plot thresher. The threshed seed was kept in a cloth bag, and 
allowed to dry to a constant moisture content before weighing. Wayne 
plots were similarly harvested on October 9. On October 27, soil samples 
were taken at 0 to 15, 15 to 30, 30 to 45, and 45 to 60 cm depths. The 
site was then fall plowed. 
In 1970, sites 5 (soybeans) and 6 (corn) were utilized. Site 5 
received Amiben herbicide, incorporated before planting. On May 7, 1970, 
the site was planted to soybeans, with the same varieties and a similar 
planting pattern as was used in 1969 on site 6 (Appendix J). Any influ­
ence from residual nitrogen applied to the 1969 corn was anticipated to 
be minimal when looking at variety and/or treatment totals (or averages), 
since one replicate of Hark and of Amsoy received the residual nitrogen, 
while the other replicate of these two varieties did not. One half of 
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each replicate of Wayne (two rows of the four used) received the residual 
nitrogen. The site was rotary hoed, cultivated, and hand weeded as 
needed to control weeds. 
Plant samples were taken and handled throughout the season as for 
the samples taken in 1969 fran site 6, except as noted herein. In 1970, 
all references to stages of growth or development were based on the 
system proposed by Burmood et al.^ . Since the residual nitrogen split 
occurred on this site, variety Wayne with residual N was sampled (and 
observed) separately from Wayne without residual N, making a total of 
32 subplots, where only 24 such units were used in 1969. Records were 
maintained of the dates that each variety/plot was at developmental 
stages V 0.5, VI, V2, V3, and R4 through Rll. When recording dates for 
reproductive (R) stages, the corresponding vegetative (V) stage was also 
recorded. On June 20, all Hark and Wayne plots were sprayed with an 
equivalent rate of 494 g FeSO^ -THgO per ha, in an effort to alleviate 
iron chlorosis syiig)toms. 
On July 1 and 2, all plants from a 1.5 meter (5 feet) section of 
row were pulled from each subplot, and dried to obtain total dry weight. 
Before drying, eight plants felt to be representative of that sample were 
removed, separated into component leaves, stems, and petioles, and dried 
separately for later analysis of total water-soluble-carbohydrate content. 
Similar samples were also taken on July 9 and 10, 16 and 17, 23 and 24, 
30 and August 13. On August 27, similar samples were taken, except that 
D^. T. Burmood et al. 1970. Proposed system for describing stages 
of development in soybeans. Mimeographed paper. Agronomy Department, 
Iowa State University, Ames, Iowa. Copy attached as Appendix H. 
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pods and beans were also separated from the vegetative parts of the eight 
plants used for later laboratory analysis. 
All plots were harvested on October 7, 1970, in the same manner as 
described for site 6 in 1969. The site was then fall plowed, but was 
not utilized again for this experiment, due to the occurrence of iron 
chlorosis symptoms, and the site's susceptibility to washing in a severe 
rain, such as occurred on May 12, 1970. 
Site 6 received Ramrod herbicide, and 112 kg N/ha, incorporated 
prior to planting Pfeister SX-7 corn on May 7, 1970, at a population of 
61,775 plants/ha (25,000 plants/acre). The site was rotary hoed, culti­
vated, and hand weeded as needed to control the weeds. On October 22 and 
23, the corn on the interior 6.53 meters of rows 2, 4, 6, 8, 9, 11, 13, 
and 15 of each plot was picked and combined into a single plot sample 
of 1/247 ha (1/100 acre). The corn was weighed in the field, and a sub-
sample taken from each plot for evaluation of moisture and shelling per­
centages. The field was then fall plowed. 
In 1971, sites 6 (soybeans) and 8 (corn) were utilized. Site 6 
received Amiben herbicide, broadcast pre-emergence, after planting on May 
14, 1971. The planting pattern was the same as shown in Appendix J for 
this site in 1969, except that the location of varieties Hark and Amsoy 
were reversed in replicate 1 (plots 101 through 104). The site was 
rotary hoed, cultivated, and hand weeded to control weeds. Except as 
noted, plant samplings and plot observations were conducted as in previous 
years. 
Stages of development were based on a modification of Burmood and 
coworker's^  system used in 1970, considering only the top four nodes in­
stead of top five in evaluating reproductive stages. First samples were 
taken on June 28 and 29, with the eight-plant subsample subdivided into 
three component samples - leaves, petioles, and stems. Three more simi­
lar sets of samples were taken on July 12 and 13, 19, and 26. A fourth 
component - pods and beans - was also separated out from the three sets 
of samples taken on August 4, 17, and 25- The eighth sample set, taken 
September 1, had five components, due to the separation of beans from the 
pods. The ninth sample set, taken September 13 and 14, had all five 
components for variety Wayne, but only four components for the earlier 
maturing varieties, Hark and Amsoy, due to the elimination of the leaves 
component. Leaves were not included as a component for any variety on 
the final sample set, taken September 23. 
To investigate day-to-day and within day trends of composition, 
three additional sets of samples were taken from the unused site 6 plots 
left to avoid an old backfurrow. On August 2 (Monday) and 6 (Friday), 
four-component samples like those just described were taken at 9:00 A.M., 
11:00 A.M., 1:00 P.M., 3:00 P.M., and 5:00 P.M. Similar samples were 
also taken at 1:00 P.M. on Tuesday, Wednesday, and Thursday, August 3, 4, 
and 5. Variety Amsoy was sampled in each case. The sane procedure was 
repeated the week of August 16 to 20, using the variety Hark. A third, 
similar set was taken the week of September 6 through 10 from variety 
Wayne, separating out all five components (pods and beans separately). 
T^om Burmood et al. 1970. Proposed system for describing stages of 
development in soybeans. Mimeographed paper. Agronomy Department, Iowa 
State University, Ames, Iowa. Copy attached as Appendix H. 
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Sample times also varied, with 1:00 P.M. samples only on Monday, Wednesday, 
and Friday, all five sampling times as shown above for Amsoy (Monday and 
Friday) on Tuesday, and four times of 9:00 A.M., 11:00 A.M., 1:00 P.M., 
and 4:00 P.M. on Thursday. 
By the same method used in previous years. Hark was harvested on 
October 13, Amsoy on October 20, and Wayne on November 1. Soil samples 
from the surface 0 to 15 cm were taken on November 5, after which the 
site was thoroughly disced. 
Site 8 was planted to corn on May 7, 1971. An equivalent rate of 78 
kg N/ha (as ammonium nitrate) was banded beside the rows on June 1. No 
herbicide was used, and the plots were rotary hoed, cultivated, and hand 
weeded as needed to control the weeds. The corn was hand harvested on 
October 10 and 11, in the manner described for site 6 in 1970. Soil 
samples from the surface 0 to 15 cm were taken on November 5, after which 
the site was fall plowed. 
B. Laboratory Work 
All dried samples from all three years were ground in a small Wiley 
Mill, using a 40-mesh, stainless steel screen. The entire sample was 
ground, caught in a pint glass jar, covered with a glass-lined lid, and 
shaken thoroughly. A four-ounce glass jar was then filled from the pint 
jar, and capped until ready for analysis. In 1971, standard samples of 
leaves, petioles, and stems were also collected by saving one gallon (of 
each plant part) of unused samples, and mixing for 24 hours. All samples 
were uncapped and redried immediately before weighing for any analysis. 
Total water-soluble-carbohydrate were run on all samples, using a 
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modification of the phenol-sulfuric acid colorimetric procedure proposed 
by Dubois et al. (40, 41). One-half gram of dried plant material, and 
75 ml NH^ -free water, were placed in a test tube in a boiling water bath 
for one hour, then filtered through Whatman #31 filter paper while the 
sample was still hot. Five ml of the filtrate was diluted with 25 ml 
NH^ -free water. One ml of the diluted filtrate was reacted in a test 
tube with 1 ml 57= (by weight) phenol and 5 ml concentrated H^ SO^ . The 
yellow color which developed upon cooling to room temperature was read 
on a colorimeter, utilizing a number 42 filter. The readings were com­
pared to a standard curve plotted from readings of glucose standards 
containing the equivalent of 0, 5, 10, 15, and 20% glucose. 
Samples taken in 1971 were analyzed for total N, utilizing a Micro-
Kjeldahl, steam distillation of an aliquot from a sulfuric-acid digest 
of the plant sample, as proposed by Dunphy (E. J. Dunphy. 1972. Analyz­
ing plant samples for N, P, and K from a single HgSO^  digest. Mimeographed 
paper. Agronomy Department, Iowa State University, Ames, Iowa). The 
sample aliquot was placed in the distillation flask, from which all N was 
reduced to NH^  by 5 ml of 5 N NaOH. Steam was used to distill the NH^  
into a flask containing saturated boric acid solution (to trap the NH^ ) 
and a mixed indicator. The NH^  was then titrated with dilute H^ SO^ . 
Total sulfur was also run on the 1971 samples, using the procedure 
of Tabatabai and Bremner (149). Plant material was digested with nitric 
and perchloric acids, and the sulfur content of an aliquot was determined 
turbidimetrically as BaSO^  by a barium chloride-gelatin procedure. 
Additional analyses of the 1971 plant samples for P, K, Ca, Mg, Mq, 
Fe, Cu, Zn, B, Na, Al, and Si were made by arc-emission spectrographic 
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analysis at the University of Illinois Agronony Department, with the 
cooperation of Dr. Ted R. Peck and his staff. 
All soil samples analyses reported were determined by the Iowa State 
University Soil Testing Laboratory, using field moist soil. 
C. Analysis of Data 
All statistical analyses of data followed the procedures set forth 
by Cox (33) and Snedecor and Cochran (145a), and were run on computers 
at Iowa State University. 
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IV. RESULTS AND DISCUSSION 
A. Soil Tests 
1. Site 5 
Table 2 shows the results of surface soil tests taken before the 
initial fertilization of the fertility main plots. These results show 
the site was calcareous in reaction, low in available P, very low in 
available K, and quite uniform for that size site (approximately 27 x 
36 meters) » .  
Table 2. Results of surface (0-15 cm) soil tests. Site 5, sampled 
November 19 , 1965 (before fertilization) 
Plot Buffer Avail. P Avail. K 
Treatment number PH pH (pp2m) (pp2m) 
Check 102 8.1 7.4 19 64 
204 7.5 7.1 23 58 
P 103 7.8 7.4 18 62 
202 8.0 7.4 20 60 
K 104 7.7 7.3 22 72 
201 7.6 7.3 23 52 
PK 101 7.8 7.4 20 59 
203 7.9 7.4 19 58 
Average 7.8 7.35 20 61 
After fertilization of the appropriate plots on this site, the re­
sults of soil tests shown in Table 3, including 0-15, 15-30, and 30-60 cm 
depth samples, indicate that fertilization did modify the surface ferti-
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Table 3. Results of soil tests. Site 5, sampled May 24, 1956, (after one 
fertilization) 
Treatment 
Plot 
number 
Depth 
(cm) pH 
Buffer 
pH 
Avail. P 
(pp2m) 
Avail. K 
(pp2m) 
Check 102 0 -IS 7 .9 7.3 26 80 
204 0 -IS 8 .0 7.4 25 96 
P 103 0 -15 7 .7 7.2 61 76 
202 0 -15 7 .9 7.4 62 83 
K 104 0 -15 7 .2 7.1 18 239 
201 0 -15 8 .0 7.4 26 188 
PK 101 0 -IS 8 .0 7.3 36 152 
203 0 -15 8 .0 7.4 84 242 
Check 102 15' -30 8 .0 7.3 10 45 
204 IS­-30 7 .7 7.3 12 56 
P 103 IS • -30 7. 8 7.3 13 39 
202 IS­-30 8. 0 7.5 29 46 
K 104 IS--30 7, .5 7.2 6 63 
201 IS--30 7. ,9 7.4 20 88 
PK 101 IS-•30 8. ,0 7.3 23 75 
203 IS--30 8. ,0 7.4 40 101 
Check 102 30--60 8. 0 7.4 10 34 
204 30-•60 7. 6 7.3 5 42 
P 103 30-•60 7. 9 7.3 S 36 
202 30-•60 8. 0 7.5 12 40 
K 104 30-•60 7. 6 7.3 4 44 
201 30-•60 7. 9 7.4 9 44 
PK 101 30-60 8. 0 7.4 12 37 
203 30-60 8. 0 7.5 20 66 
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lity, but had little if any influence on fertility at 15-30 or 30-60 cm 
depths. The four plots receiving P fertilizer averaged 61 pp2m avail­
able P in the surface 0-15 cm, while the four plots which did not receive 
added P averaged 24 pp2m. A corresponding comparison for potassium showed 
averages of 205 pp2m where added and 79 where not added. Table 3 also 
indicates that the site was calcareous throughout the top 60 cm. 
Two and one-half years after this site was fertilized, soil samples 
were again taken at a 0-15 cm depth. The results, averaged by treatment, 
are shown on Table 4. The P tests had changed little, as plots with P 
added averaged 53 pp2m, and those without added P averaged 33 pp2m. Plots 
which did not receive K fertilization also changed only minimally, aver­
aging 67 pp2m available K, but the plots to which K had been added de­
creased markedly to an average of only 108 pp2m- This decrease prompted 
the second fertilization of this site on October 28, 1968. 
No soil samples were taken after the second fertilization. 
Table 4. Results of surface (0-15 cm) soil tests. Site 5, sampled July 
3, 1968 (after one fertilization) 
Avail. P Avail. K 
Treatment pH (pp2m) (pp2m) 
Check 7.9 34 72 
P 8.0 54 62 
K 7.9 32 114 
PK 8.1 52 102 
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2. Site 6 
The first soil samples from Site 6 were taken at 0-15 cm depth on 
June 16, 1969, 52 days after fertilizer had been disced into the appro­
priate plots. As would be expected on samples taken so soon after appli­
cation of fertilizer, the analyses (Table 5) of these samples showed more 
variability in available P and K levels, and are therefore less meaningful, 
than analyses of samples taken on October 27, 1969 (Table 6). Both sets 
of analyses show that the site was acid in reaction, and noticeably higher 
in available P or K where that fertilizer nutrient was added than on the 
plots where it was not added. 
Table 5. Results of surface (0-15 cm) soil tests. Site 6, sampled June 
16, 1969 (after fertilization) 
Plot Buffer Avail. P Avail. K 
Treatment number pH pH (pp2m) (pp2m) 
Check 101 5.6 6.2 35 137 
203 5.9 6.4 21 136 
P 104 5.9 6.4 98 188 
202 5.7 6.3 75 179 
K 103 5.6 6.4 IS 469 
201 5.4 6.2 20 415 
m 102 5.5 6.2 67 423 
204 5.7 6.4 103 700 
The analyses shown on Table 6 for the October samples show essential­
ly no influence of fertilization on pH, at any depth sampled. In the 
surface 15 cm, available P averaged 59 pp2m on the four main plots which 
received added P, but only 21 pp2m where P had not been added. Corres­
ponding values for available K were 309 pp2m where K was added, and 138 
where K was not added. 
Iftilike Site 5, fertilization appeared to influence slightly the 
available P and K levels at depths below 15 cm on this site. Plots ferti­
lized with P averaged 8, 5, and 3 pp2m higher than plots not fertilized 
with P at 15-30, 30-45, and 45-60 cm depths, respectively. Corresponding 
K differences were 88, 26, and 17 pp2m, respectively. Although these 
averages were consistently higher where fertilizer was added, the differ­
ences were too small to be considered very meaningful, and most likely 
reflected a contamination of the deeper (below 15 cm) soil samples by 
surface soil when the samples were taken. The higher available K level 
at 15-30 cm is the only value that might be considered to reflect a true 
increase in available P or K level below 15 cm as a result of fertiliza­
tion. 
Soil samples were next taken from Site 6, at 0-15 cm depth, on 
November 5, 1971. The analyses of these samples are in Table 7. ÏÏie 
variability among plots with similar fertilizer additions was less than 
on previous sampling dates (see Tables 5 and 6), and fertility differ­
ences among treatments had not diminished appreciably. The four plots 
which had received P fertilization averaged 58 pp2m available P, while 
those which did not receive P averaged only 28 pp2m. The plots to which 
K had been added averaged 274 pp2m available K, while the remainder 
averaged 120 pp2m. 
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Table 6. Results of soil tests, Site 6, sampled October 27, 1969 (after 
fertilization) 
Plot Depth Buffer Avail. P Avail 
Treatment number (cm) PH pH (pp2m) (pp2i 
Check 101 0-15 5.7 6.3 33 153 
203 0-15 6.0 6.5 17 102 
P 104 0-15 6.1 6,6 62 152 
202 0-15 5.9 6.4 71 143 
K 103 0-15 6.1 6.5 21 251 
201 0-15 5.7 6.3 14 267 
PK 102 0-15 5.8 6.4 48 416 
204 0-15 6.1 6.6 55 301 
Check 101 15-30 5.7 6.3 19 87 
203 15-30 6.1 6.6 13 65 
P 104 15-30 6.1 6.6 27 82 
202 15-30 5.9 6.4 27 68 
K 103 15-30 6.0 6.5 10 182 
201 15-30 5.7 6.4 13 205 
PK 102 15-30 5.8 6.4 17 148 
204 15-30 6.1 6.6 19 159 
Check 101 30-45 5.9 6.5 12 47 
203 30-45 6.2 6.7 10 54 
P 104 30-45 6.3 6.6 21 51 
202 30-45 6.0 6.6 15 55 
K 103 30-45 6.1 6.6 8 94 
201 30-45 5.9 6.6 8 74 
PK 102 30-45 5.9 6.6 8 71 
204 30-45 6.1 6.6 14 73 
Check 101 45-60 6.0 6.6 10 41 
203 45-60 6.4 6.9 8 47 
P 104 45-60 6.4 6.8 11 50 
202 45-60 6.2 6.7 10 54 
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Table 6. (Continued) 
Plot Depth Buffer Avail . P Avail. K 
Treatment number (cm) pH pH (pp2m) (pp2m) 
K 103 45-60 6.2 6.8 7 72 
201 45-50 6.0 6.7 7 59 
PK 102 45-60 6.1 6.8 10 59 
204 45-60 6.1 6.7 12 69 
Table 7. Results of surface (0-15 cm) soil tests. Site 6, sampled 
November 5, 1971 (after fertilization) 
Plot Buffer Avail. P Avail. K 
Treatment number pH pH (pp2m) (pp2m) 
Check 101 5.8 6.2 37 110 
203 6.2 6.5 23 128 
P 104 6.3 6.5 53 115 
202 5.9 6.4 57 127 
K 103 6.2 6.5 31 268 
201 5.9 6.1 20 280 
PK 102 6.0 6.4 61 287 
204 6.2 6.6 59 262 
3. Site 8 
Site 8 was first sampled for soil tests on November 8, 1970, before 
fertilization of the P, K, and PK plots. Analyses of these samples, taken 
at 0-15 cm, are shown on Table 8. A comparison of this table with Tables 
5, 6, and 7 (Site 6) points out that the pH and available P and K levels 
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are quite similar on the adjacent sites 6 and 8. It is worth noting that 
the first replicate of Site 8 (plots with 3 as the first digit in plot 
numbers) was some-sdiat more acid than the second replicate, and higher in 
available P and K levels, by 11 and 70 pp2m; , respectively. 
Table 8. Results of surface (0-15 cm) soil tests. Site 8, sampled 
November 8, 1970 (before fertilization) 
Plot Buffer Avail. P Avail. K 
Treatment number PH pH (pp2m) (pp2m) 
Check 304 5.7 6.3 28 170 
402 5.7 6.3 15 111 
P 301 5.2 6.1 21 157 
403 6.2 6.7 14 85 
K 302 5.5 6.1 27 193 
404 6.3 6.8 10 105 
PK 303 5.6 6.2 23 174 
401 5.5 6.2 17 116 
Soil samples were also taken on November 5, 1971, after fertilization 
of P, K, and PK plots, and after one crop of corn was grown. The analyses 
of these samples are shown on Table 9. This table points out that appre­
ciable P and K fertility differences were established, with the four plots 
receiving P fertilization averaging 75 pp2m available P, versus 22 pp2m 
for the four plots which did not receive P. The plots which received K 
fertilization averaged 389 pp2m available K, while the remaining four 
plots averaged 152 pp2m. 
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Table 9. Results of surface (0-15 cm) soil tests. Site 8, sampled 
November 5, 1971 (after fertilization) 
Plot Buffer Avail. P Avail. K 
Treatment number pH pH (pp2m) (pp2m) 
Check 304 6.0 6.5 25 183 
402 5.9 6.4 19 126 
P 301 5.6 6.0 83 167 
403 6.3 6.7 65 132 
K 302 5.6 6.3 28 394 
404 6.6 6.8 17 325 
PK 303 5.8 6.3 73 430 
401 5.7 6.2 79 408 
One final observation of interest which can be drawn from the soil 
test results, is that Sites 6 and 8 were more acid on the south end than 
on the north. Table 10 shows the soil pH values of surface soil samples 
taken November 5, 1971, from the two sites. The values are arranged so 
that the top of the table represents the north end of the two sites, and 
the right represents the east. 
Table 10. Soil pH of surface (0-15 cm) soil samples, Sites 6 and 8, 
sampled November 5, 1971 
Site 6 Site 8 
Plot Rep. 1 Rep. 2 Rep. 1 Rep. 2 
-04 
-03 
-02 
•01 
6.3 
6 . 2  
6 . 0  
5.8 
6 . 2  
6 . 2  
5.9 
5.9 
6.0 
5.8 
5.6 
5.6 
6 . 6  
6.3 
5.9 
5.7 
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B. Corn Yields 
Table 11 shows the corn yields obtained on Site 5 in 1969, Site 6 
in 1970, and Site 8 in 1971. All yields were adjusted to 15.5% moisture. 
Table 11. Corn yields. Sites 5, 6, and 8 
Corn yield (kg/ha 
1969 (site 5) 1970 1971 
Treatment Replicate N^ b 2^00^  (site 6) (site 8) 
Check 1 
2 
3470 
5310 
5420 
6460 
8290 
8840 
7900 
6930 
1 
2 
4060 
4860 
5250 
6240 
8550 
8980 
6976 
7110 
K 1 
2 
5650 
7080 
6430 
7650 
7700 
8100 
7830 
6780 
PK 1 
2 
6030 
6050 
8340 
8260 
8730 
9080 
7550 
7760 
Average 5310 6760 8530 7350 
-P" 
-K^  
5380 
5250 
4420 
6200 
6490 
7020 
5840 
7670 
8230 
8840 
8660 
8400 
7360 
7350 
7230 
7480 
T^o convert kg/ha to bushels/acre, multiply by 0.0159. 
represents no added N fertilizer, represents 224 kg N/ha 
added as NH.NO,. 
4 3 
A^verage of four plots which did not receive nutrient shown if pre­
ceded by a minus (-), or which did if preceded by a plus (+). 
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The greatest responses to P or K were on Site 5 (1969), which was 
also the lowest yielding situation. Phosphorus increased yields 8% where 
N was added, but decreased yields 2.5% where N was not added. Potassium 
responses were 40% where N was added, and 31% where not added. 
Responses to P or K on Sites 6 (1970) and 8 (1971) were all 7% or 
less. Yields in 1970 were increased 7% by P, and decreased 3% by K. In 
1971, addition of P had little influence on yields (0.2% decrease), and 
K fertilization increased yields only 3%. 
While these low yield differences are somewhat discouraging, since 
they occurred on sites where fertility differences were established as a 
variable, they also suggest that the unfertilized nutrient status was not 
so low that fertility responses were automatically high. It was hoped in 
selecting sites for this experiment that the yields obtainable on untreat­
ed (check) plots would be at least as high as the state average yields. 
Iowa average yields were 6151 kg/ha in 1969, 5398 kg/ha in 1970, and 6402 
kg/ha in 1971. Part of the reason for the 1970 check yields of 8565 kg/ha 
being so much higher than the state average was that much of Iowa was 
affected by Southern Corn Leaf Blight (Helminthosporium maydis). while 
Site 6 was only mildly affected late in the season. 
C. Soybean Stage of Development Data 
Based on the observations of the date on which each soybean subplot 
reached specific stages of development in 1970 and 1971, several develop­
mental traits were calculated to describe the number of days from emer­
gence to each of specific developmental stages, and the number of days 
between specific stages. All traits were calculated from the days after 
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emergence (DAE) data in Appendices K and L for 1970 and 1971, respectively. 
From these data, the overall, variety, fertility level, and year mean 
values of these traits, of seed yield, and of vegetative stage at each 
reproductive stage, are shown in Table 12. Also shown is the standard 
deviation (SD) of each overall nean, to give an indication of the varia­
bility of the data. The SD of fertility level or year means tended to be 
similar in magnitude to the overall SD, but the within-variety SD values 
tended to be smaller, due mainly to the narrower range of values observed 
within a variety than across all varieties. As an example of this differ­
ence, the SD for overall mean number of days from emergence to stage Rll 
(shown in Table 12 as Ell) was 9 days, while the corresponding SD values 
within each of the four variety designations were 2, 2, 5, and 1 days. 
The overall means point out that the developmental stages did not 
break the growing season up into equal increments of time, as the stages 
up through R5 tended to be spaced more closely than later stages. This 
is not of particular concern, since the greatest emphasis in choosing 
the stages was to make them easy to distinguish consistently and reliably. 
The overall means also show that, typical of the indeterminant varieties 
grown in the Midwest, vegetative growth did not cease until approximately 
stage R9. 
Although yields were not markedly different between the two years, 
some differences in developmental patterns did exist. In addition to 
weather differences between the two years, developmental differences 
were probably influenced by different sites and planting dates used, and 
by the fact that the latest maturing variety, Wayne, showed up 16 times 
in the 1970 means, but only 8 times in the 1971 means. 
Table 12. 1970-71 stage of development and related traits means 
tteans 
• Overall By varietycBy fertility leveld By year^ 
Trait* S.D. Overall^  1(H) 2(A) 3(Wq) A^ W^ ) OO(ck) 01(K) 10(P) ll(PK) 1970 1971 
kg/ha 
Yield 230 2870 2780 2860 2920 2990 2670 2880 2860 3060 2910 2820 
E0.5 2 16 16 17 17 15 16 17 16 16 15 18 
El 1 21 21 21 21 21 22 22 21 21 21 . 22 
E2 1 29 29 92 28 30 29 30 28 28 29 28 
E3 2 38 36 38 38 39 38 39 37 37 38 37 
E4 6 40 35 37 45 46 40 41 40 39 40 40 
E5 7 47 40 43 53 54 47 47 47 46 47 46 
E6 4 58 55 55 61 63 58 58 58 57 59 57 
E7 10 71 63 65 78 85 71 71 71 70 76 64 
E8 10 85 76 79 91 100 85 84 85 84 91 76 
®EX is days from emergence to stage X, where X can be V0.5, VI, V3, R4, R5,...,R11; PSX is days 
from previous stage to stage X; RXY is days from stage X to stage Y; VRX is vegetative stage at stage 
X. ~ 
O^verall means averaged over 56 values. 
V^ariety means averaged over 16 values, except variety 4 means averaged over 8 values (Wayne 
with residual N, 1970); (H) = Hark; (A) = Amsoy; Wg = Wayne with no residual N; W2 = Wayne with N 
residual from fertilizer in previous corn; W2 data for 1970 only. 
F^ertility level means averaged over 14 values (8 in 1970, 6 in 1971). 
®Year means averaged over 32 values in 1970, 24 values in 1971. 
Table 12, (Continued) 
Means 
Overall By varletyc By fertility leveld ~ By year^  
Traita S.D. Over^l'- 1(H) 2(A) 3(W q) 4(W_) OO(ck) 01(K) 10(P) ll(PK) 1970 1971 
E9 7 96 89 94 101 104 97 96 97 95 100 91 
ElO 9 112 102 107 119 124 111 111 112 111 115 108 
Ell 9 122 113 117 131 135 122 121 122 122 125 118 
PSl 1 5 5 4 5 5 5 5 5 4 5 4 
PS2 1 7 7 7 7 9 8 7 7 8 8 7 
PS3 3 7 5 5 10 9 6 7 8 7 7 7 
PS4 3 5 3 5 7 8 6 5 6 5 6 4 
PS5 3 6 4 4 8 8 6 5 5 6 6 6 
PS6 3 11 15 12 8 10 12 11 11 12 12 11 
PS7 7 13 8 10 17 22 13 13 13 13 17 7 
PS8 2 14 14 14 13 15 14 13 14 14 15 13 
PS9 5 12 13 15 11 5 12 12 12 11 9 15 
PSIO 4 15 14 13 18 19 15 15 15 17 15 16 
PSll 2 11 11 10 11. 12 11 11 10 11 11 10 
R43 2 1 2 1 0 0 1 1 1 1 1 0 
R45 2 6 7 6 8 8 6 6 6 7 7 6 
R46 3 18 20 18 16 17 18 17 18 18 19 17 
R47 7 31 28 28 32 39 31 30 31 31 36 24 
R57 6 24 23 22 24 31 24 24 24 24 29 18 
R48 8 44 41 42 45 54 45 43 45 45 50 36 
R58 7 38 36 36 37 46 39 37 38 39 43 31 
R68 7 27 22 24 29 37 27 26 27 27 32 20 
R49 5 56 54 56 56 58 57 55 57 57 60 51 
R59 4 50 49 51 49 51 50 49 50 50 53 46 
R69 4 38 35 38 41 41 39 38 39 38 41 35 
R79 4 26 27 29 24 20 26 25 26 25 24 28 
R410 5 72 68 69 74 77 71 70 72 73 74 68 
Table 12. (Continued) 
Means 
Overall T By varietv*^ By fertility level^ By year^ 
Trait* S.D. Overall 1(H) 2(A) 3(Wq) AfWg) OO(ck) 01(K) 10(P) ll(PK) 1970 1971 
R510 4 65 63 64 66 70 65 64 65 66 67 62 
R610 5 54 48 51 59 60 53 53 54 55 56 51 
R710 3 40 41 42 42 38 41 40 41 42 39 44 
R810 4 27 27 28 29 24 27 27 27 28 24 32 
R411 6 82 79 79 85 89 82 80 82 84 85 78 
R511 5 76 74 74 77 81 76 74 76 77 78 72 
R611 6 64 59 61 69 72 64 64 64 65 66 62 
R711 3 52 51 52 53 50 51 51 52 52 49 54 
R811 4 38 37 38 40 35 37 38 38 38 35 42 
R911 5 26 24 23 29 30 25 26 26 27 25 27 
Vegetative Stage 
VR4 0.6 3.3 2.8 3.0 3.9 4.0 3.3 3.4 3.4 3.3 3.3 3.4 
VR5 0.9 4.2 3.3 3.8 5.1 5.1 4.2 4.2 4.3 4.2 4.2 4.3 
VR6 0.6 5.7 5.2 5.4 6.3 6.3 5.8 5.5 5.8 5.8 5.8 5.6 
VR7 1.3 7.3 6.3 6.4 8.2 9.3 7.4 7.1 7.4 7.3 7.9 6.4 
VR8 0.8 8.6 7.9 8.4 9.0 9.5 8.6 8.4 8.8 8.5 9.0 8.0 
VR9 0.7 9.1 8.6 8.8 9.6 9.6 9.3 8.8 9.3 9.0 9.3 8.8 
VRIO 0.9 9.1 8.7 8.5 9.6 10.1 9.0 8.9 9.4 9.1 9.3 8.8 
VRll 1.0 8.9 8.1 8.6 9.7 9.9 9.0 8.8 9.2 8.8 9.2 8.5 
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Physiological maturity was reached seven days sooner in 1971 than in 
1970, although three more days were required from emergence to stage V0.5 
in the cooler, drier 1971 spring. This latter difference was largely off­
set by more rapid development from stage V0.5 and VI in 1971. Subsequent 
development was similar for the two years until stages R6 to R7, an inter­
val which took 10 fewer days in 1971 than in 1970. Conversely, 6 more 
days were required between stages R8 and R9 in 1971. These latter two 
differences may be largely a reflection of Wayne 's development in the two 
years. In 1970, early August rains ended a prolonged dry period, and the 
late-maturing Wayne essentially stopped further development to set new 
nodes, leaves, flowers, and pods. When.pods finally did develop in these 
late nodes, they developed to maturity quite rapidly. The earlier matur­
ing varieties. Hark and Amsoy, showed little such tendency to initiate 
new growth at that time. 
Varieties differed little in early vegetative development, but Wayne 
initiated flowers 10 to 11 days later than the earliest maturing variety 
Hark. This delay allowed Wayne to have up to 3 more nodes between the 
lowest flower-bearing node (used to define stage R4) and the uppermost 
five nodes (used to define stage R5), and thus required up to four more 
days for flowering to progress up the plant to stage R5. Although the 
number of days between stages R5 and R7 were about the same for all 
varieties, Wayne required 4 to 7 fewer days for R5 to R6, and 7 to 9 more 
days for R6 to R7. Whether this is a real differences between varieties 
or biased observations involving stage R6 is uncertain. Finally, Wayne 
was observed to take 4 to 6 more days for seed development (stages R9 to 
RIO) than Hark or Amsoy, a difference which may have helped Wayne attain 
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a slightly higher seed yield than the other two varieties. 
Consistent with the knowledge that Wayne is the tallest of the three 
varieties, and initiated reproductive growth later in the season, Wayne 
had more nodes developed at any reproductive stage than either Hark or 
Amsoy. 
It is interesting to note that fertility level appeared to influence 
seed yield more than patterns of development. Yields were increased 169 
to 200 kg/ha by either P or K, singly or combined, but none of the develop­
mental traits shown differed by more than four days between, any two 
fertility level combinations. In fact, only three combinations differed 
more than two days, and in each case P and K combined plots required more 
days than K alone plots. The three traits were days between stages R4 
and RIO (73 and 70 days, respectively), R4 and Rll (84 and 80 days, 
respectively), and R5 to Rll (77 and 74 days, respectively). 
There were no marked differences among fertility levels on degree of 
vegetative development at any reproductive stage. The consistency, more 
than the magnitude of the differences, gives a slight suggestion that K 
alone decreased vegetative growth, while P alone increased it. 
To evaluate the degree of association between the deve1opmenta1-
descriptive traits and seed yield, simple linear correlations were calcu­
lated. Included in Table 13 with these correlation coefficients are the 
coefficients for the correlation of these traits with year, variety, and 
P and K fertility levels. The notes at the foot of the table display 
some sample calculated levels of significance, as the probability of 
obtaining a higher coefficient (sign ignored) under the null hypothesis 
that there is no true association between the two factors. This 
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Table 13. 1970-71 stage of development and related traits correlation 
coefficients^ 
Correlation coefficients^  
Fertility level 
Trait Year Variety P K Yield 
Year 1.000 -.240 
Variety -.240 1.000 
P 0.0 0.0 
K 0.0 0.0 
Yield -.216 .313 
E0.5 .801 -1.04 
El .380 -.116 
E2 -.165 .137 
E3 -.219 .392 
E4 -.055 .829 
E5 -.105 .907 
E6 -.305 .866 
E7 -.626 .841 
E8 -.691 .803 
E9 -.609 .842 
ElO -.395 .922 
Ell -.392 .904 
0.0 0.0 - .216 
0.0 0.0 .313 
1.000 0.0 .422 
0.0 1.000 .467 
.422 .467 1.000 
-.228 .205 -.073 
-.478 .142 -.096 
-.461 .087 -.093 
-.296 .050 .032 
-.109 -.026 .180 
-.061 -.022 .222 
-.078 -.069 .233 
-.028 -.031 .305 
-.005 -.054 .302 
-.031 -.088 .265 
.027 -.019 .377 
.021 -.021 .315 
E^X is days from emergence to stage X, where X can be V0.5, VI, V3, 
R4, R5,..., Rll; PSX is days from previous stage to stage X; RXY is days 
from stage X to stage Y; VRX is vegetative stage at stage X. 
S^ample levels of significance (approximate due to systematic assign­
ment of fertility treatments to main plots and same variety arrangement 
within each main plot). Prob of a greater j r] under null hypothesis: 
r P>|r| r E>|ri 
.155 _ .2535 .370 = .0052 
.156 = .2482 .372 = .0049 
.220 = .1001 .440 = .0010 
.259 = .0511 .466 = .0005 
.261 = .0488 .516 = .0002 
.340 = .0100 .521 = .0001 
Table 13. (Continued) 
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Correlation coefficients 
Trait Year Variety 
Fertility 
P 
level 
K Yield 
PSl -.651 .002 -.270 -.111 -.016 
PS2 -.545 .255 .000 -.051 -.000 
PS3 .067 .615 .062 -.041 .243 
PS4 -.234 .510 -.047 -.141 .002 
PS5 .008 .636 .067 .040 .281 
PS6 -.129 -.702 .047 -.057 -.162 
PS7 -.755 .739 .006 -.006 .316 
PS8 -.589 .068 .121 -.141 .089 
PS9 .597 -.503 -.033 -.011 -.262 
PSIO .217 .575 .121 .121 .382 
PSll -.094 .171 -.020 -.020 -.206 
R43 -.330 -.402 -.032 -.011 -.157 
R45 -.206 .539 .115 -.023 .221 
R46 -.299 -.379 .109 -.054 -.003 
R47 -.863 .521 .058 -.031 .299 
R57 -.908 .406 .033 -.040 .254 
R48 -.890 .471 .078 -.060 .282 
R58 -.915 .359 .059 -.069 .237 
R68 -.820 .678 .035 -.039 .305 
R49 -.771 .233 .086 -.099 .176 
R59 -.797 .012 .057 -.123 .086 
R69 -.691 .561 .020 -.077 .212 
R79 .453 -.566 .013 -.074 -.272 
R410 -.620 .646 .172 -.014 .450 
R510 -.678 .555 .177 -.023 .454 
R610 -.430 .886 .103 .021 .452 
R710 .820 -.061 .154 .044 -091 
R810 .866 -.075 .067 .092 .032 
R411 -.617 .667 .156 -.020 .358 
R511 -.627 .551 .146 -.028 .313 
R611 -.425 .868 .089 .013 .349 
R711 .813 .036 .151 .035 -.025 
R811 .884 -.002 .062 .089 -.060 
R911 .141 .542 .091 .091 .232 
VR4 .112 ' .785 .003 -.026 .191 
VR5 .099 .836 .031 -.027 .208 
VR6 -.172 .720 .124 -.124 .241 
VR7 -.550 .807 .020 -.068 .294 
VR8 -.571 .681 .084 -.159 .242 
VR9 -.300 .575 .049 -.261 .055 
VRIO -.302 .644 .161 -.136 .171 
VRll -.364 .771 .063 -.188 .130 
probability will be shown hereafter as E>jrj . The complement of this 
term, or l-(K>|rj), will be referred to hereafter as level of signifi­
cance. Thus the commonly used significance levels of E>|rj = 5% or 1%, 
or their decimal equivalents .05 and .01, may also be used as 95% or 99% 
level of significance, respectively. Other statistics, such as F value 
in an Analysis of Variance table, will be used correspondingly in place 
of the correlation coefficient r. 
The most consistent associations between years and days after emer­
gence to specific stages were for stages V0.5, R7, R8, and R9, which are 
the same time intervals for which differences between years were greatest. 
Of the associations between years and days between successive stages of 
development, the most consistent were for V0.5 to VI, VI to V2, R6 to R7, 
R7 to R8, and R8 to R9. 
Two of these intervals - R6 to R7 and R8 to R9 - were already noted 
to be the intervals which differed most between years. Consistent with 
these observations, the greatest associations between years and days 
between nonsuccessive reproductive stages were those whose interval 
terminated with stages R7, R8, or R9, or whose interval started with 
stages R7 or R8. Of the 13 such correlations shown, only 4 (the 4 whose 
interval terminated with stage R9) had absolute values below 0.820. The 
most consistent associations between years and vegetative stage at 
specific reproductive stages were for stages R7 and R8, which were the 
two stages where vegetative development differed most between the two 
years. 
Correlations involving varieties as one factor must be viewed with 
caution, since the assignment of numbers to varieties was arbitrary and 
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artificial. If assigned in order of maturity, as these were, correlations 
of variety with any trait involving days would be expected to be positive 
and probably fairly high. Of the 34 such correlation coefficients calcu­
lated, 15 were above 0.500 and 4 more were above 0.300. Only 8 were nega­
tive. The coefficients do serve to verify that the differences in these 
traits expected and observed were generally consistent. Since the 
variety numbers also turned out to be in increasing order of expected 
size of plant, the correlations of variety with vegetative stage at 
specific reproductive stages were expected to be positive and high, and 
they were (all 0.575 or greater). 
More pertinent to the objectives of this study than correlations 
involving years or varieties are those relating the developmental-
descriptive traits to fertility level or yield. Of the 92 coefficients 
describing the relationship of one of the traits involving days with 
either P or K fertility levels, only 5 were as high (absolutely) as 0.220. 
Since the probability of obtaining a higher absolute coefficient (P>|r|) 
than 0.220 is 10.01%, as many as 9 of the 92 might be expected to be that 
high if no true associations existed at all. It is worth noting, however, 
that all 5 of these greater than 0.220 associated the higher P level with 
fewer days to or between early (vegetative) stages of development-
Correlations of either P or K fertility with vegetative stage at 
specific reproductive stages were generally low. The highest of the 16 
such correlations was K with R9 (r = 0.261, P>|r( = 4.88%). The signs 
of these 16 coefficients are all consistent with the suggestion made while 
discussing Table 12 that P was associated with slightly greater vegetative 
development at each reproductive stage, and K with slightly less vegeta-
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tive development. 
The associations of higher yield with either higher P or K fertility 
noted in Table 12 are shown in Table 13 to be also consistent trends, 
since the calculated P>|rI of these two coefficients were only 0.16% (P) 
and 0.05% (K). 
Correlations of yield with days from emergence to specific develop­
mental stages tended to be greatest with late stages of development. All 
correlations with stages R7 or later had levels of significance of 95.47% 
or more. Coupled with the consistent positive sign of the coefficients 
after stage V2, this suggests that the higher yielding plots were the 
later developing and maturing plots. All of these traits in this group 
would still be imperfect indicators of seed yield, however, since none 
of the 12 correlation coefficients are as high absolutely as 0.400. 
The generally low correlations of yield with days from emergence to 
early (vegetative) stages of development, or between the same stages, 
combined with the generally higher and positive correlations of yield with 
days from stages R4, R5, or R6 to RIO or Rll, suggest that days of repro­
ductive development are more closely associated with yield than days of 
vegetative development preceding flowering or reproductive growth. To 
break the days of reproductive growth down further, the days between 
stages R4, R5, or R6 to either R7 or R8 are all positively correlated with 
yield (92.47% level of significance or greater), while days between stages 
R7 or R8 to R9 are negatively correlated (95.21% level of significance 
or greater). Days from stages R9 to RIO or Rll are positively correlated 
with yield (91.78% level of significance or higher). Stated another way, 
days from first flowering (R4) to appearance of pods 2 cm long in upper­
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most five nodes (R7) are positively correlated with yield, from then until 
fully developed beans in uppermost five nodes (R9) are negatively corre­
lated, and from then until maturity are positively correlated. Unfortu­
nately, this study and analysis of data gives no insight into whether 
the number of days is influencing yield, is reflecting yield, or is along 
with yield reflecting some other causal influences. 
Yield was positively correlated with vegetative stage at all repro­
ductive stages, especially stages R6 through R8. This observation lends 
support to the theory that extra nodes are an asset to yield by having 
more food-producing tissue (leaves) and pod sites (nodes) , as opposed to 
a detriment to yield by providing more competition to the developing 
seeds for available nutrients and energy. It should be noted, however, 
that the range in vegetative growth exhibited by the varieties used 
in this study is much less than is available with other varieties or 
lines, and these data thus give no good indication of the relative merits 
of greater vegetative growth over a wider range of vegetative develop­
ment. 
D. Analyses of 1971 Soybean Samples 
Each soybean plant sample taken in 1971 was analyzed for content of 
14 elements: N, P, S, K, Ca, Mg, Na, Si, Al, Fe, Mn, Zn, Cu, and B. 
Water-soluble-carbohydrate,(WSC) content and dry weight (DW) of each 
sample were also determined. Throughout the remainder of this thesis, 
this group of 16 values obtained for each sample will be referred to 
collectively as analytical values. Additional data taken from each 
variety subplot at each sampling date include days after emergence (DAE), 
vegetative stage of development (V STAGE), reproductive stage of develop­
ment (R STAGE), and the dry weight of total plant in five feet of row 
(DW5FT). 
The above subplot data and analytical values for each plant part and 
sampling date are shown in Appendices M (Hark), N (Amsoy), and 0 (Wayne) 
for each variety, averaged over fertility treatments. Appendices M and N 
were combined to give corresponding values for Hark and Amsoy combined, 
as shown in Table 14. Wayne was not included in the summary since a given 
sampling date represented an earlier stage of development for Wayne, and 
mean values over this wide of a range in stages was considered more con­
fusing than enlightening. The analytical values were arranged into groups 
to aid in discussion of results. Nitrogen, P, and S were grouped since 
all are commonly anions in their nutrient form, and are considered major 
or secondary nutrients. Potassium, Ca, Mg, and Na were grouped together 
since all are cations in their nutrient form, are found in high enough 
concentrations in plants to be expressed on a percentage basis, and have 
been previously reported in the literature to be related to each other 
in plant nutrition and metabolic function. Silica, Al, and Fe were group­
ed since all readily form oxides in nature, none have been studied exten­
sively in soybean nutrition, and all showed frequent associations with 
each other in this study. The group of Mn, Zn, and Cu is made up of trace 
nutrient cations of similar plant concentrations, which were also often 
associated with each other in this study. These groups will be referred 
to as Anions, Major Cations, Oxide-Formers, and Trace Cations, respective-
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Table 14. Mean Hark and Amsoy subplot data and analytical values, 1971 
soybeans 
Plant part and sample number 
Leaves 
Factor Units 1 2 3 4 5 6 7 8 
DW S 12.2 28.3 31.1 30.7 48.4 44.7 34.4 23.5 
WSC % 11.0 12.1 12.5 13.3 14.5 14.8 14.6 16.9 
N 7= 5.0 4.8 5.4 5.2 4.8 4.6 3.5 2.3 
P % .30 .34 .34 .33 .30 .28 .24 .20 
S 7o .29 .24 .24 .25 .21 .25 .20 .15 
K % 1.86 1.44 1.73 1.40 1.43 , 1.37 1.19 1.12 
Ca % 1.40 1.33 1.26 1.23 1.40 1.73 2.51 3.03 
1% % .51 .53 .49 .42 .45 .44 .49 .52 
Na % .045 .067 .061 .031 .054 .055 .057 .059 
Si 7o 1.52 3.23 2.31 1.79 1.85 1.73 2.03 1.84 
A1 ppm 324 1006 473 285 320 308 276 298 
Fe ppm 405 1116 627 396 379 396 339 370 
Mn ppm 87 100 100 82 100 125 147 164 
Zn ppm 76 80 74 66 68 71 68 59 
Cu ppm 16 17 18 15 16 15 14 12 
B ppm 49 55 52 52 59 64 70 71 
DAE days 37 50 57 64 73 86 94 101 
STAGE V 3.0 4.9 5.8 6.8 7.6 8.2 8.7 8.4 
STAGE R 4.0 5.6 6.4 7.2 8.1 8.8 9.2 9.7 
DW5FT g 131 321 385 432 600 730 772 736 
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Table 14. (Continued) 
Plant part and sample number 
Petioles 
Factor Units 1 2 3 4 5 6 7 8 9 
DW g 2.8 15.3 18.8 20.0 32.7 34.9 31.7 25.3 10.9 
WSC % 7.0 8.1 8.6 9.2 9.8 11.2 8,2 7.5 4.5 
N % 2.0 1.8 1.9 2.0 1.4 1.8 1.3 1.0 0.7 
P % .22 .22 .23 .24 .18 .17 .14 .12 .05 
S % .21 .16 .14 .16 .14 .14 .12 .11 .10 
K % 3.61 2.95 2.98 2.48 2.19 1.69 1.40 1.39 0-96 
Ca % 1.66 1.42 1.32 1.25 1.36 1.39 1-59 1.55 1.22 
Mg % .53 .58 .56 .49 .50 .49 .56 .53 .55 
Na % .041 .063 .064 .038 .054 .046 .044 .042 .054 
Si % 0.41 0.76 0.78 0.75 0.38 0.29 0.18 0.18 0.23 
A1 ppm 150 215 199 134 138 123 101 93 106 
Fe ppm 149 214 173 147 166 149 141 90 129 
Mn ppm 40 53 67 50 55 55 56 51 43 
Zn ppm 45 43 40 35 29 26 22 16 23 
Cu ppm 13 16 16 14 13 11 9 8 10 
B ppm 30 34 32 31 30 32 28 27 37 
DAE days 37 50 57 64 73 86 94 101 113 
STAGE V 3.0 4.9 5.8 6.8 7.6 8.2 8.6 8.4 8.1 
STAGE R 4.0 5.6 6.4 7.2 8.1 8.8 9.2 9.7 10.9 
DW5FT S 131 321 385 432 600 730 772 736 653 
Table 14. (Continued) 
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Plant part and sample number 
Stems 
Factor Units 1 2 3 4 5 6 7 8 9 
DW g 5.3 22.0 26.5 27.0 40.4 43.3 47.6 38.8 25.4 
WSC % 5.0 5.9 6.9 7.1 7.3 9.4 6.8 5.6 3.1 
N % 2.2 1.8 1.8 1.5 1.5 1.6 1.0 0.8 0.6 
P % .22 .18 .21 .18 .16 .13 .10 .09 .04 
S % .20 .16 .15 .17 .17 .19 .16 .14 .13 
K % 2.62 2.29 2.13 1.56 1.13 0.95 0.87 0.82 0.79 
Ca % 1.05 0.75 0.87 0.80 0.78 0.79 0.73 0.76 0.79 
Mg % .47 .42 .55 .51 .52 .48 .46 .44 .46 
Na % .037 .040 .058 .037 .039 .039 .041 .032 .057 
Si % 0.30 0.51 0.37 0.50 0.23 0.20 0.16 0.17 0-16 
Al ppm 121 157 127 99 93 86 64 64 73 
Fe ppm 162 168 134 127 148 131 125 81 109 
Mn ppm 30 26 45 33 35 37 31 28 32 
2n ppm 30 26 23 20 21 18 14 12 19 
Ou ppm 14 14 15 13 12 11 10 8 11 
B ppm 25 23 23 23 24 21 17 19 32 
DAE days 37 50 57 64 73 86 94 101 113 
STAGE V 3.0 4.9 5.8 6.8 7.6 8.2 8.7 8.4 8.1 
STAGE R 4.0 5.6 6.4 7.2 8.1 8.8 9.2 9.7 10.9 
DW5FT S 131 321 385 432 600 730 772 736 653 
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Table 14. (Continued) 
Plant part and sample number 
Factor Units 
Pods plus beans Pods Beans 
5 6 7 8 9 8 9 
DW S 13.8 51.0 91.2 31.0 19.3 31.9 49.1 
WSC % 9.5 8.7 8.0 6.2 5.8 11.2 11.7 
N % 3.7 3.3 3.5 1.2 0.9 6.2 6.5 
P % .38 .28 -30 .12 . 06 .46 .53 
S % .19 .16 .19 .11 .11 .32 .28 
K % 2.18 1.99 1.76 1.72 1.66 1.58 1.77 
Ca % 0.88 0.79 0.67 1.03 1.17 0.23 0.30 
Mg % .46 .40 .43 .52 .58 .21 .24 
Na 1 .058 .042 .040 .037 .055 .018 .039 
Si % 0.80 0.38 0.19 0.21 0.21 0.15a 0.15a 
A1 ppm 114 72 33 41 72 8b 8b 
Fe ppm 191 146 132 47 96 75 116 
Mn ppm 65 51 41 48 51 20 22 
Zn ppm 53 39 43 20 22 53 39 
Cu ppm 16 14 14 10 11 16 18 
B ppm 38 36 35 32 38 26 33 
DAE days 73 86 94 101 113 101 113 
STAGE V 7.6 8.2 8.7 8.4 8.1 8.4 8.1 
STAGE R 8.1 8.8 9.2 9.7 10.9 9.7 10.9 
DW5FT g 600 730 772 736 653 736 653 
A^ll observations below 0.20% lower limit of Si detection. 
A^ll observations below 10 ppm lower limit of A1 detection. 
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Caution should be used in placing much emphasis on DW of individual 
plant parts due to the small number of plants involved. Comparisons of 
DW of different plant parts within a single subplot and sampling date 
should be reasonably valid, however, since they involve the same plants 
and collectively account for all the DW of those plants.' The DW data 
were included primarily to allow recombination of the data, such as to 
determine WSC of the total plant. 
In the leaves, WSC steadily increased throughout the season. Calcium, 
Mn, and B also increased, but mostly in the last 15 days or so of the 
season. The Anions, K, and Cu decreased in concentration during the last 
15 days. Magnesium, Na, and Zn changed little throughout the season, 
nor did the Oxide-Formers, which were by far the most variable in content 
throughout the season. 
In the petioles, WSC increased slowly through about stage R9, then 
decreased sharply. No other analytical value (except DW) increased 
substantially throughout the season. The Anions, K, and Cu decreased 
over the season as in the leaves, but the decrease appeared to start 
earlier in the season than it did in the leaves. The Oxide-Formers, 
which were less variable than they were in leaves, generally decreased 
throughout the latter half of the season, as did Zn. All other analytical 
values remained generally steady throughout the season. 
In the stems, all analytical values exhibited the same general 
pattern through the season as they did in petioles, although some of the 
decreases were not quite so marked. Water-soluble-carbohydrate increased 
to about stage R9, then decreased sharply. The Anions, Oxide-Formers, K, 
Zn, and Cu tended to decrease late in the season, while the remaining 
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analytical values (except DW) were basically unchanged with time. 
Trends with time in pods and beans, combined or separately, are 
difficult to determine with confidence from Table 14, due to the low 
number of sampling dates. The Oxide-Formers and WSC appear to be steadily 
decreasing through the seventh sample, but WSC actually increased in the 
eighth and ninth samples, as can be shown by re combining the individual 
pods and beans into a composite figure. The Anions also can be shown to 
apparently increase during the last two samples, although they do not 
decrease through samples five to seven as consistently as WSC. Potassium, 
Na, Cu, and B change very little in samples eight and nine, while the 
rest of the analytical values can be shown to generally decrease. 
The Anions, WSC, Zn, and Cu are shown in Table 14 to be more concen­
trated in beans than in pods, as is Fe to a lesser degree, while Ca, Mg, 
Na, Si, Al, and Mn were less concentrated in the beans. Potassium and B 
were found in similar concentrations in both plant parts. 
To investigate associations between pairs of analytical values, 
simple linear correlations were determined for all possible pairs, utiliz­
ing all varieties, treatments, sampling dates, and plant parts as a single 
set of data with 832 records (or sets of 16 analytical values). The 
resulting correlation coefficients (r) are displayed on the lower left 
half of Table 15, with those which exceeded r = t.SO (an arbitrarily 
chosen value) repeated on the upper right half of the table for ease in 
identifying the most significant correlations. It is assumed that these 
are the 33 most significant of the 120 correlations calculated, even 
though the conditions and assumptions for which calculated probability 
levels are valid were not all met. The fertility treatments were assigned 
Table 15. Correlations between analytical values, 1971 soybeans, all sampling dates, varieties, 
and plant parts 
DW WSC 
Anions Maior Cations Oxide -Formers Trace Cations 
B N P S K Ca Mg Na Si A1 Fe Mn Zn Cu 
DW 
- - -
• 
WSC .22 --- .62 .51 .56 .62 .62 .58 
N .22 .62 .88 .72 .74 .59 
P .16 .51 .88 — — — .65 .64 .63 
S .14 .38 .72 .65 --- .53 
K -.34 -.08 .08 .22 .11 
Ca -.25 .37 -.11 -.13 -.14 .04 — — — .74 .59 
Mg -.21 -.14 -.38 -.26 -.34 -.24 .45 — — — 
Na -.14 .10 -.00 .08 -.06 .17 .34 .43 - - - .54 
Si -.03 .56 .49 .35 .31 -.02 .49 .09 .30 .89 .88 .76 .78 .72 
A1 -.10 .35 .33 .23 .21 -.00 .38 .16 .28 .89 — — — .95 .57 .62 .52 
Fe -.01 .41 .44 .31 .30 -.04 .30 .06 .26 .88 .95 -  - - .57 .65 .53 
Mn -.01 .62 .32 .24 .16 -.05 .74 .28 .48 .76 .57 .57 «• «B .71 .89 
Zn -.03 .62 .74 .64 .53 .13 .36 .02 .28 .78 .62 .65 .71 — .61 .79 
Cu -.05 .33 .59 .63 .43 .38 .03 -.02 .54 .41 .31 .35 .36 .61 -  -  -
B .03 .58 .46 .40 .27 -.08 .59 .19 .40 .72 .52 .53 .89 .79 .41 
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to main plots with restricted randomization, not complete randomization. 
This was done on both sites 6 and 8 to permit greater flexibility in 
future uses of these plots, and to insure that the same fertility treat­
ment could not occur on adjacent plots. Also, varieties were not re-
randomized within each main plot, but were planted in the same order for 
an entire replicate, to facilitate field work. The assumption is made, 
based upon visual observation, soil test data, and previous cropping 
results, that the failure to completely randomize at the two levels had 
only a minor affect on the validity of statistical analyses utilized, 
but more importantly relative levels of significance are still reasonably 
valid. Thus, most interpretations of statistical analyses utilized in 
this thesis will stress relative levels of significance, and will utilize 
a level of significance per se only to give a rough estimate of the level 
of significance actually obtained. 
Another reason for not including levels of significance with Table 15 
was the small size of coefficient needed to achieve statistical signifi­
cance with this much data to calculate correlations from. For example, 
a correlation coefficient as low as r = i". 142 had a calculated level of 
significance of 99.99%, yet 90 of the 120 coefficients calculated ex­
ceeded that value. Contributing to the high degree of correlation within 
the data set in general were inclusion of several plant parts from the 
same plants, resampling the same plots in time, and failure to completely 
randomize at all possible levels, so that calculated levels of significance 
per se are invalidly high, but are validly in the proper order of magni­
tude . 
Besides the fact that all 33 of the high correlation coefficients 
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shown on the top half of Table 15 were positive, the most interesting as­
pect is perhaps that none of the Anions correlated highly with any of the 
Major Cations or the Oxide-Formers, nor did any of the Oxide-Formers corre­
late highly with any Major Cations. Although all pairs of Anions or of 
Oxide-Formers correlated highly with each other, most (18 of the 33) of the 
high correlations involved Trace Cations. Zinc and Cu, but not Mn, corre­
lated highly with the Anions, while Zn and Mn., but not Cu, correlated with 
the Oxide-Formers. Logically then, Zn was highly correlated with either Mn 
or Cu, but those two were not so highly correlated with each other. Only 2 
of the 12 pairs between Trace Cations and Major Cations were highly corre­
lated, namely Ca with Mn and Na with Cu. 
All the Oxide-Formers correlated highly with B, as did two Trace 
Cations (Mi and Zn), one Major Cation (Ca), and WSC. Two of the Trace 
Cations (Mn and Zn) and two of the Anions (N and P) were also highly 
associated with WSC, as was Si of the Oxide-Formers group. Perhaps indi­
cative of the caution that was suggested for use of DW for anything be­
sides recombining plant parts mathematically is the observation that none 
of the other 15 analytical values was highly correlated with DW. The most 
consistent associations shown in Table 15 were between Fe and Al, Al and 
Si, Mn and B, N and P, and Fe and Si. 
Since associations or correlations between pairs of analytical 
values might be more consistent in some plant parts than in others, or 
might be consistent within plant parts without being consistently asso­
ciated over all plant parts, simple linear correlations between all possi­
ble pairs of analytical values were also determined within each plant part. 
The results of these determinations are shown in Tables 16 through 20, 
which are set up like Table 15. The correlation coefficients in Table 15 
Table 16. Correlations between analytical values, 1971 soybeans, all sampling dates and varieties 
leaves only 
Anions Major Cations Oxide"Formers Trace Cations 
DW WSC N P S K Ca Mg Na Si A1 Fe Mn Zn Cu B 
DW 
WSC .05 - - - -.54 -.55 
N .12 -.54 ^ mm mm .73 .52 -.83 -.60 
P .03 -.55 .73 - - — -.51 .50 
S .01 -.41 .52 .37 - - -
K -.19 -.25 .36 .13 .23 «••MM -.51 
Ca -.13 .36 -.83 -.51 -.41 -.49 — — - .76 .57 
Mg -.11 -.16 -.10 .30 -.01 -.51 .44 --- .53 
Na -.07 -.07 -.16 .15 -.09 .10 .34 .53 .61 
Si -.07 -.25 .02 .19 -.12 -.07 -.05 .12 .26 M .86 .80 
A1 -.17 -.34 .15 .29 -.01 -.02 -.18 .16 .24 .86 - - - .94 
Fe -. 14 -.35 .20 .31 .07 -.01 -.26 .06 .14 .80 .94 - - -
Mn -.02 .27 -.60 -.29 -.29 -.26 .76 .30 .44 .01 -.09 -.13 M M .74 
Zn -.21 -.33 .40 .50 .28 .06 -.21 .35 .21 .26 .32 .26 .06 - - — .55 
Cu -.06 -.37 .42 .49 .19 .33 -.24 .33 .61 .26 .29 .24 -.02 .55 
B .10 .20 -.38 -.06 -.15 -.36 .57 .42 .38 .01 -.11 -.19 .74 .31 .08 
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were determined from 200 leaf samples, in Table 17 from 224 petiole 
samples, in Table 18 from 224 stem samples, in Table 19 from 128 pods 
alone and pods plus bean samples, and in Table 20 from 56 bean samples. 
In contrast to the high correlations over all plant parts. Table 16 
shows that within leaves fewer pairs of analytical values were highly 
correlated, especially pairs involving Trace Cations, and six of the high 
correlations within leaves were negative, whereas all had been positive 
in Table 15. Consistent with the high variability over time noted earlier 
for the Oxide-Formers within leaves, they were highly correlated with no 
analytical values except each other. The two major nutrient Anions - N 
and P - were positively correlated with each other, but both were nega­
tively correlated with WSC and with Ca. Calcium was also positively 
correlated with Mn and B, which were positively correlated with each 
other. Magnesium was negatively correlated with K and positively with 
Na, which was positively correlated with Cu, which was positively corre­
lated with Zn, which was positively correlated with P. Nitrogen was 
negatively correlated with Mh, but positively with S. 
The upper half of Table 17, containing the high correlation coeffi­
cients within petioles, bears more resemblance to Table 15 (over all plant 
parts) than to Table 16 (within leaves). All but one (Zn with DW) of 
the high correlations were positive, most (16 of 26) involved Trace 
Cations, and Oxide-Formers-were correlated with each other but not with 
Major Cations. The only high correlations between Anions and Major 
Cations or Oxide-Formers involved K or Si. As with over all plant parts, 
Zn and Cu but not Mn were generally highly correlated with Anions. Zinc 
and Cu were also highly correlated with Si and Al, whereas overall Zn and 
Table 17. Correlations between analytical values, 1971 soybeans, all sampling dates and varieties 
petioles only 
DW WSG 
Anions Maior Cations Oxide -Formers Trace Cations 
N P S K Ca Mg Na Si A1 Fe Mn Zn Cu 
DW -.52 
WSG .48 
N -.11 .38 .83 .51 .58 .54 .60 .53 
P -.14 .33 .83 - - - .54 .59 .67 .57 
S -.22 .09 .51 .45 .51 .51 
K -.41 -.05 .58 .54 .51 W M «• .59 .56 
Ca -.24 -.03 .18 .24 .21 .16 - - -
Mg -.09 .04 -.01 .23 -.12 -.44 .19 M— M 
Na -.11 .03 .05 .22 -.05 .19 .11 .34 - - - .61 .66 
Si -.32 .03 .54 .59 .24 .48 -.02 .06 .18 mm ^  wm .81 .58 .63 .60 
A1 -.40 -.11 .40 .45 .23 .49 .17 . 06 .19 .81 — — — .72 .65 .52 
Fe -.15 -.03 .29 .37 .20 .30 .03 .10 .15 .58 .72 - - -
Mn .04 .26 .21 .41 -.04 .07 .11 .47 .61 .35 .26 .24 « w .53 
Zn -.52 -.02 .60 .67 .51 .59 .26 .20 .26 .63 .65 .46 .32 — — — .67 
Cu -.30 .15 .53 .57 .33 .56 .16 .15 . 66 .60 .52 .42 .53 .67 - - -
B -.19 -.18 -.09 .06 -. 06 -.09 .10 .36 .38 .20 .20 .13 .24 .35 .24 
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ÎMh were while Cu was not- Copper was positively correlated with both Zn 
and Mn, as was N with both P and S. The four high correlations involving 
Major Cations with Trace Cations involved K or Na, but not Ca or 
Correlations calculated within stems and displayed in Table 18 re­
sembled those within petioles in that all but the three involving DW (with 
K, Ca, or Zn) were positive, and 15 of the 24 high correlations involved 
Trace Cations. The major difference between Tables 17 and 18 is that 
within stems six of the high correlations involving Trace Cations were 
with Major Cations, and only one was with an Oxide-Former. Copper and 
Zn were highly correlated with only N and P of the Anions. Copper was 
also highly associated with Ma and Zn again, and with B. Potassium was 
highly correlated with P, N, Ca, and Al, as were Si and Fe with Al. 
Nitrogen and P were also highly correlated. 
As can be noted in Table 19, more pairs of analytical values (42) 
were highly correlated within pods than over all parts or within any 
other plant part. Nearly half (20) involved Trace Cations, but nearly as 
many (19) involved Anions. All but three of the Trace Cations' high 
correlations were also noted within other plant parts, including (all 
positively) Zn and Cu (but not ^ ) with the Anions, and Zn with the 
Oxide-Formers (except Zn with Al), Zn, B, K, and Na with Cu, and tbi with 
Na. Trace Cations correlations not noted before were Cu positively with 
with Fe, Zn positively with WSC, and Zn negatively with Ca (although Zn 
and Ca had been noted to be positively correlated in stems). The Anions, 
in addition to all being positively correlated with each other and with 
Zn and Cu, were also negatively correlated with Ca and Mg. Nitrogen and 
P were positively correlated with WSC, as was P with Si and Fe of the 
Table 18. Correlations between analytical values, 1971 soybeans, all sampling dates and varieties 
stems only 
DW WSC 
Anions Major Cations Oxide -Formers Trace Cations 
N P S K Ca Mg Na Si A1 Fe Mn Zn Cu 
DW — -.60 -.52 -.58 
WSC .36 - - -
N -.34 .15 ^ .80 .62 .57 .50 
P -.35 .18 .80 — — — .61 .57 .55 
S -.18 .12 .27 .25 
K -.60 -.12 .62 .61 .31 «••.M .52 .51 .57 .58 
Ca -.52 -.19 .39 .46 .32 .52 — — — .58 
Mg .05 .19 .07 .34 -.10 -.24 .20 - - - .69 
Na -.07 -.06 -.03 .14 .08 .16 .24 .45 .68 .57 
Si -.34 -.09 .44 .49 .06 .45 .31 .11 .13 w » .73 
A1 -.43 -.21 .45 .45 .20 .51 .48 .04 .06 .73 - - - .58 .59 
Fe -.20 -.06 .37 .34 .15 .34 .29 .04 .03 .43 .58 
Mn .05 .18 .09 .34 -.01 .07 .31 .69 .68 .21 .13 .16 tm 0m tm .50 
Zn -.58 -.19 .57 .57 .23 .57 .58 .26 .29 .47 .59 .39 .28 — — — .65 
Cu - .44 -.02 .50 .55 .09 .58 .48 .27 .57 .48 .45 .32 .50 .65 - - -
B -.21 -.35 -.04 .02 -.00 .06 .40 .35 .45 .28 .32 .17 .40 .52 .33 
Table 19. Correlations between analytical values, 1971 soybeans, all sampling dates and varieties 
pods only 
DW WSC 
Anions Mai or Cations Oxide -Formers Trace Cations 
B N P S K Ca Mg Na Si A1 Fe Mn Zn Cu 
DW -.64 -.51 
WSC .06 .63 .62 .55 
N .30 .63 M «• .92 .75 -.68 -.67 .83 .59 
P .22 .62 .92 — — — .74 - .64 -.58 .53 .53 .90 .65 
S .32 .40 .75 .74 - —  -.58 -.53 .69 .53 
K -.02 .18 .38 .49 .40 .55 
Ca -.64 -.34 -.68 - .64 -.58 -.21 -  -  - .79 .53 
Mg -.42 -.36 -.67 -.58 -.53 -.44 .79 — — -
Na -.30 .04 .09 .22 .09 .35 .20 .21 .51 .62 .79 .66 .57 
Si -.45 .35 .37 .52 .32 .30 .02 -.03 .51 — .81 .78 .73 .62 
A1 -.51 .11 .08 .17 .04 .11 .29 .21 .49 .81 - — — .72 .62 
Fe -.13 .27 .47 .53 .38 .25 -.15 -.15 .62 .78 .72 - - - .67 .65 .60 
Mn -.42 .11 .17 .35 .15 .37 .18 .21 .79 .73 .62 .67 •BMW .59 .57 
Zn .12 .55 .83 .90 .69 .44 -.53 -.42 .34 .62 .32 .65 .49 — — — .71 
Cu .01 .34 .59 .65 .53 .55 -.25 -.26 .66 .49 .30 .60 .59 .71 
B -.17 .12 .18 .29 .12 .20 .08 .12 .57 .44 .27 .48 .57 .49 .49 
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Oxide-Formers. These same two Oxide-Formers were positively correlated 
with Na, and all Oxide-Formers were highly correlated with each other. 
The remaining high correlations were Ca and A1 negatively with DW, Ca 
positively with Mg, and Na positively with B. 
Beans contained the fewest (8) high correlations of all plant parts, 
as seen on Table 20. Six of the eight involved Trace Cations - Mn or Cu 
with K or Na, and Cu with Mn, all which were positive and also noted on, 
other plant parts, and Zn negatively with DW, which was also noted within 
petioles and stems. Iron was positively correlated with DW, as was K 
with Na, 
Considering "'ables 15 through 20 together, it was a little surprising 
that the high correlations tended to involve Trace Cations most often, 
and secondly Anions, while Major Cations and Oxide -Formers were not so 
frequently involved. Water-soluble-carbohydrate, which correlated 
positively with N and P over all parts, did so also within petioles, stems, 
and pods, but was negatively correlated within leaves. Although WSC also 
correlated well with Mn, Zn, B, and Si over all plant parts, its only 
high correlation with any analytical value except N or P within any plant 
part was a positive correlation with Zn in pods. Nitrogen's most frequent 
high correlations were with the Anions P and S and the Trace Cations Zn 
and Cu. Similarly, P was most often highly correlated with S, Zn, Cu, 
and WSC, vAile S was highly correlated more than once only with P and Zn. 
The only consistent correlations involving Major Cations were those 
between K or Na and Cu. The correlations between K and Cu provide a good 
example of a pair of analytical values which were highly correlated in 
four plant parts without being so highly correlated over all plant parts 
Table 20. Correlations between analytical values, 1971 soybeans, all sampling dates and varieties, 
beans only 
DW WSC 
Anions Major Cations Oxide -Formers Trace Cations 
N P S K Ca Mg Na Si A1 Fe Mn Zn Cu 
DW — - - .50 -.56 
WSC .47 - - -
N .28 .08 
P .23 -.10 .30 — — — 
S -.05 -.16 -.14 .12 ---
K .12 .00 .00 .21 .18 .61 .51 .53 
Ca .09 .06 .07 .03 -.08 .20 — — — 
Mg .14 -.10 .20 .38 -.06 .07 .24 — — — 
Na .12 .11 -.01 .05 -.16 .61 .45 .42 - - - .60 .70 
Si * * * * * * * * 
A1 * * * * * * * * * * — ™ 
Fe .50 .17 .30 .36 .03 .34 .32 .34 .29 * Vf — — 
Mn -.32 -.15 -.11 .16 .01 .51 .39 .28 .60 * 'V .02 •I* M M .61 
Zn -.56 -.30 -.02 .01 .08 -.26 -.22 .13 -.17 •k * -.39 .29 mmmwm 
Cu .08 .01 -.04 .07 -.12 .53 .43 .48 .70 * * .38 .61 -.03 ---
B -.07 -.09 .28 .25 -.03 .01 .45 .40 .26 * * .18 .45 .28 .29 
indicates no correlation coefficient determined, since both Si and A1 contents were below 
the lower limit of detection in all 56 bean samples. 
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(where r = .38). The reason can readily be explained by visualizing a 
plot of K vs Cu, in which the slope of a line for petioles (extending from 
0.2% K, 2ppm Cu to 4.6% K, 19 ppm Cu) would be much steeper than the 
slope of a line for leaves (extending from 0.5% K, 5ppm Cu to 2.7% K, 
20 ppm Cu). Even though either line may fit its own set of points well, 
a line through the combined sets of points would not fit so well. 
The Oxide-Formers were almost always highly correlated with each 
other, and frequently were with the Trace Cations Mn and Zn. These 
correlations were invariably positive. The Oxide-Formers, in addition 
to being highly correlated with each other and with the Trace Cations 
(where Cu was less often involved than Mn and Zn), were frequently highly 
correlated with the Anions (where Mn was less often involved than Zn and 
Cu) and with K and Na of the Major Cation group. 
Boron, which correlated highly with seven analytical values (WSC, 
Ca, Si, Al, Fe, Mn, and Zn) over all plant parts, was only five times 
highly correlated with an analytical value within a plant part, namely 
Ca and Mn in leaves, Zn in stems, and Na and in pods. Dry Weight of 
sample (DW) was highly correlated with an analytical value eight times 
in Tables 15 through 20. Seven of these correlations were negative, and 
three involved zinc (in petioles, stems, and beans). 
It seemed logical at this point to investigate more directly how 
analytical values in one plant part correlated with those of other plant 
parts. For this purpose, leaves, petioles, and stems of all sampling 
dates except the last date (for which no leaf sample existed) and varieties 
were combined into one data set of 200 records. Simple linear correlations 
were then determined on all possible pairs of the 16 analytical values in 
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each of the 3 plant parts. Included with these 48 analytical values 
were 8 subplot records of variety, P fertility level (SOIL P), K fertility 
level (SOIL K), seed yield, vegetative stage (V STAGE), reproductive stage 
(R STAGE), days after emergence (DAE), and dry weight of five feet of row 
(DW5FT), making a total of 56 observations for which correlation coeffi­
cients were determined for all possible pairs. 
Since more than one-half of the resulting correlation coefficients 
were significant at a 99.99% level of significance, little use was made 
of these statistics. Correlations involving factors such as vegetative 
stage, reproductive stage, days after emergence, dry weight of five feet 
of row, and even dry weight of plant parts were essentially correlations 
with time, and many of the analytical values decreased markedly with time, 
as has been pointed out in the literature review and with these data. 
This same decreasing trend with time would account for many high corre­
lations between analytical values, both within and between plant parts. 
It was concluded that these coefficients were not really answering the 
question it was hoped they would, due to the overriding influence of 
time on the correlations. 
Three elements were noteworthy in that they did not consistently 
follow the patterns of the other analytical values. Considering V STAGE, 
R STAGE, DAE, and DW5FT as four factors which also represent a time 
influence, Ca was positively correlated with time in leaves (all 4 coeffi­
cients >.511), but negatively in petioles (all 4 coefficients between 
-.105 and -.239) and stems (all 4 coefficients <-.503). Similarly, tfa 
and B were positively correlated with time in leaves (all 4 coefficients 
>.463 and >.406, respectively), but poorly correlated in petioles (all 8 
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coefficients between -.04 and .04) and stems (4 Mn coefficients between 
-.02 and .07, B coefficients between -.104 and -.165). The changes in 
time of these three elements in the plant will be more thoroughly discussed 
later in this thesis. 
Another approach to investigating lAich associations existed between 
analytical values and subplot records, both within and between plant 
parts, while minimizing the overriding influence of time throughout the 
entire growing season, was to run simple linear correlations between all 
possible pairs of plot records and analytical values within each plant 
part, using only one sampling date at a time. Furthemore, Wayne data, 
with 10 sampling dates, were correlated separately from Hark and Amsoy 
varieties, with 9 sampling dates. This made a total of 19 such sets of 
correlation coefficients determined. 
It was felt this approach would provide some built-in verification 
of the associations which existed throughout much of the season, since 
real associations would be expected to have high correlation coefficients 
repeatedly (in several of the 19 runs), while the correlation coefficients 
high by chance alone would not be expected to occur on the same comparison 
repeatedly. This approach also allows detection of associations which 
existed only for short portions of the growing season, since other sampling 
dates were correlated separately. In a crude way, this approach also 
allows some insight into whether Wayne differs from Hark and Amsoy in 
which associations existed, since Wayne was analyzed separately from 
Hark and Amsoy. 
To reduce the large number of correlation coefficients to be 
considered in the 19 sets of coefficients, only the high correlations 
involving SOIL P, SOIL K, yield, WSC, V STAGE, R STAGE, and DAE were 
considered farther, since these factors were most directly related to 
the purposes of this study. The correlation coefficients involving the 
above factors which had a probability of occurrence by chance under the 
null hypothesis (P>|r|) of 10% or less were listed on tables, the results 
of which were summarized in Table 21, showing the number of positive and 
negative high correlations observed for each pair of factors. Also shown 
with each column heading is the total number of correlation coefficients 
determined for that pair of factors. For example, the 71 correlations 
determined between SOIL P and DW involved 8 correlations with Hark and 
Amsoy (HA) leaves, 9 with HA petioles, 9 with HA stems, 3 with HA pods 
and beans combined, 2 with HA pods alone, 2 with HA beans, 9 with Wayne 
(W) leaves, 10 with W petioles, 10 with W stems, 3 with W pods and beans 
combined, 3 with W pods alone, and 3 with W beans. 
To investigate which sampling dates, plant parts, and varieties were 
involved when two factors were either highly correlated more frequently 
than expected, or disportionately positive or negative, working charts 
like Figure 1 were made up. Although such charts were made up for most 
pairs of factors, only some of those charts which showed definite patterns 
were included in this thesis. Those charts not included can be assumed 
to exhibit little or no definite pattern, thus indicating little consis­
tency in which variety, plant parts, or sampling dates were involved in 
the high correlations. The only correlations considered in discussing 
Table 21 and Figures 1 to 15 were those which exceeded a calculated 90% 
level of significance. 
Phosphorus fertility level (SOIL P) is shown on Table 21 to be more 
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Table 21. Numbers of high correlation coefficients between selected sub­
plot data and analytical values, within individual sampling 
dates, plant parts, and varieties, 1971 soybeans 
Factor 
SOIL P (71)a SOIL K (71) Yield (71) Leaf WSC f54) 
+ - + - + + -
DW 7 0 2 2 9 2 3 5 
WSC^  0 7 4 11 4 7 15 0 
N 7 1 0 7 3 6 0 11 
P 32 0 0 18 2 3 1 16 
S 4 2 3 2 4 5 2 2 
K 2 0 59 0 1 0 7 0 
Ca 1 0 8 23 2 8 2 8 
Mg 6 0 0 52 1 1 2 17 
Na 9 2 2 9 3 3 5 6 
Si 1 5 2 4 2 8 0 7 
A1 2 7 5 5 1 7 2 7 
Fe 4 5 3 2 1 9 4 7 
Mn 6 1 2 10 0 9 1 13 
Zn 3 2 3 5 4 12 1 10 
Cu 0 15 5 6 2 11 5 2 
B 6 0 2 12 2 4 0 9 
DAE° 2 0 0 2 1 1 1 5 
V STAGE^  1 0 1 2 4 2 0 1 
R STAGE^  0 1 0 0 0 2 1 2 
DWSFT^  6 0 0 0 3 0 0 4 
N^umbers in parentheses represent number of correlations determined 
between that factor and each other factor. 
D^ue to elimination of correlations with itself in the same plant 
part, fewer than the listed number of correlations were determined for 
WSC, as follows: leaf WSC - 17 less, petioles or stem WSC - 19 less, 
pod and bean WSC - 6 less, pod or bean WSC - 5 less. 
O^nly 19 correlations were determined for subplot data factors with 
other subplot data factors. 
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Table 21. (Continued) 
Pod and Bean 
Petiole WSC (54) Stem WSC (71) WSC (24) Pod WSC (23) 
Factor 4- - + - + +-
DW 
WSC 
N 
P 
S 
K 
Ca 
Mg 
Na 
Si 
A1 
Fe 
Mn 
Zn 
Cu 
B 
DAE 
V STAGE 
R STAGE 
3 
25 
4 
2 
1 
0 
6 
12 
5 
1 
3 
3 
2 
4 
1 
2 
1 
0 
1 
2 
0 
7 
11 
6 
17 
5 
1 
3 
11 
10 
12 
2 
6 
2 
9 
5 
1 
4 
9 
21 
6 
0 
4 
3 
5 
12 
3 
1 
0 
1 
1 
5 
5 
1 
0 
0 
0 
6 
0 
6 
7 
3 
15 
3 
4 
2 
7 
9 
11 
4 
6 
3 
3 
2 
3 
3 
0 
4 
0 
0 
1 
0 
0 
3 
0 
0 
1 
1 
2 
1 
3 
0 
0 
0 
1 
1 
0 
3 
0 
2 
5 
1 
0 
1 
0 
5 
4 
0 
0 
3 
2 
1 
0 
0 
3 
3 
4 
2 
0 
1 
4 
4 
2 
2 
0 
1 
0 
0 
0 
0 
1 
0 
0 
4 
0 
0 
2 
0 
5 
3 
1 
1 
2 
2 
1 
3 
7 
2 
4 
0 
0 
0 
DW5FT 
88 
Table 21. (Continued) 
Beans WSC (23) DAE (66) V STAGE (71) R STAGE (71) 
Factor + - + - + - + -
DW 0 2 1 7 20 1 4 12 
WSC 5 1 6 13 0 5 3 10 
N 00 93 61 48 
P 14 8 2 12 0 24 
S 01 62 42 35 
K 30 33 4 10 81 
Ca 03 46 57 71 
Mg 14 62 16 0 26 
Na 20 71 32 10 
Si 31 63 62 33 
A1 10 63 19 84 
Fe 02 26 67 24 
m 02 31 85 17 
Zn 12 31 45 51 
Cu 22 60 16 41 
B 02 74 42 10 2 
DAE 00 - 30 11 
V STAGE 00 30 - 30 
R STAGE 00 1130 -
DW5FT 00 21 11 13 
often highly positively correlated with the Anions and Major Cations, and 
more negatively with Oxide -Formers and Cu of the Trace Cations. The 
factor most frequently highly correlated with SOIL P was P content, which 
was expected. Figure 1 shows that these 32 positive correlations (no 
negative correlations were high) were more common in petioles and stems 
than in other plant parts, and occurred more frequently in Hark and Amsoy 
varieties than in Wayne. High correlations were not concentrated into 
any one part of the growing season. 
SOIL P's second more consistent association was with Cu concentration 
(0 positive (+) correlations, 16 negative (-) correlations). It can be 
noted on Figure 2 that correlations were less often high in Wayne than in 
Hark and Amsoy, and that those correlations which were high tended to be 
concentrated in the last three sampling dates of Hark and Amsoy. 
Correlations between SOIL P and DW (7+, 0-), WSC (0+, 7-), N (7+, 1-), 
Mg (6+, 0-), and B (6+, 0-) contents were not frequently high but were 
consistent in sign. Those with DW were scattered throughout the third 
through eighth sampling dates, much as those with WSC were scattered 
throughout the second through sixth dates. Nitrogen correlations were 
scattered throughout the first eight dates. Five of the six positive 
correlations between SOIL P and B were in Hark and Amsoy leaves or petioles, 
while all the high correlations between SOIL P and Mg occurred in petioles 
or stems. Both of the two negative correlations between SOIL P and Na 
(9+, 2-) were on petioles, but so were two of the positive correlations. 
Three of the negative correlations between SOIL P and Fe (4+, 5-) occurred 
on the first sampling date, just as four of the negative correlations 
between SOIL P and A1 (2+, 7-) were found on the sixth sampling date. 
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Wayne^  Hark & Amsoy^  
Po Sample Po 
.644 444 .522 
634 496 .470 679 
668 870 921 690 595 
516 613 
811 532 .547 687 750 
563 
.658 649 758 855 599 667 547 
694 .861 511 
697 .710 
10 
a L = leaves, P = petioles, S = stems, Po = pods, and B = beans 
N^o sample taken. 
Figure 1. 1971 soybean high correlations between SOIL P and P 
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Wayne^ Hark & Amsoy^ 
L p S Po B Sample L P S Po B 
N 
S 
Ny/ 
y/ s 1 -.592 
Ny/ 
S 
Ny/ 
y/^  s 
N y/ 
yXs 
N y/^  
y/S 2 -.450 
N y/ 
y/S 
Ny/ 
yX S 
-.707 N y/ 
y/s 
Ny/ 
y/ s 3 
N y/^  
y/S 
N y/ 
y/S 
-.632 N y/ 
y/s 
Ny/ 
y/ S 4 -.766 
N y/ 
y/S 
Ny/ 
y/ S 
-.895 N y/ 
y/S 
5 N y/^  
y/S 
N y/^  
y/g 6 -.492 
N y/^  
y/S 
N y/ 
y/S 7 -.453 -.438 -.480 -.422 
N y/ 
y/^  
-.638 8 -.432 -.438 
9 N y/ 
y/S 
-.439 -.622 
N y/ 
ys 
1 
10 N y/ 
y/S 
N y/ 
y/S 
N 
y/g 
N y/ 
y/S 
Ny/^  
y/S 
= leaves, P = petioles, S = stems, Po = pods, and B = beans. 
N^o sample taken. 
Figure 2. 1971 soybean high correlations between SOIL P and Cu 
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Five of the six positive correlations between SOIL P and Mi (6+, 1-) 
were observed on Wayne, and four of those involving Si (14-, 5-) were on 
Hark and Amsoy. The six highly positive correlations between SOIL P and 
DW5FT (of only 19 possible) were distributed two on Wayne and four on 
Hark and Amsoy. 
To investigate more thoroughly the relationships between SOIL P and 
P or Cu (the two analytical values which were most consistently corre­
lated with SOIL P), or WSC (the analytical value of primary interest to 
this study), the responses in analytical values for each plant part, 
sampling date, and variety group were listed in Appendix P and the top 
portion of Appendix Q. These appendices show that every sampling date 
gave a positive P response in leaves, petioles, stems, and beans in both 
variety groups. The only four negative responses shown involve pods, and 
three of them were a decrease of only .01% P. Over half of the responses 
(40 of 71) were between .03 and .06% P, and seven were higher. Of the 
seven higher responses, six were in pods and/or beans, suggesting the 
influence of SOIL P may be more variable in these plant parts, since 
they were also where the negative responses were observed. The responses 
of P to SOIL P differences did not appear to vary appreciably in magnitude 
between plant parts or variety groups, although petioles have a few more 
of the larger responses than the other plant parts. 
The responses of Cu to SOIL P were largely negative, with only two 
exceeding 3 ppm decrease in concentration at the higher SOIL P level. 
No increases in concentration were noted in stems or beans nor were any 
patterns obvious in the increases observed in other plant parts, except 
that eight of the ten increases were on Wayne. The presence of the 10 Cu 
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concentration increases, plus 13 more of the 71 values which showed no 
change in concentration, is perhaps more suggestive of random variability 
than of definite patterns descriptive of the Cu responses to SOIL P. 
Although not many of the 71 WSC values determined were highly corre­
lated with SOIL P, Appendices P and Q show the WSC responses to be quite 
consistently negative. The 14 positive responses were quite widely 
scattered among the dates, and were more common within stems and pods 
and/or beans than within leaves or petioles. The negative WSC responses 
appeared to be greatest in the leaves, and second greatest in the petioles. 
The pattern in leaves of greater responses on the third, fifth, and seventh 
dates than on the second, fourth, and sixth dates is interesting but 
baffling. Although 4 of the 14 responses in stems and petioles at 94 DAE 
or later were positive, the remaining negative responses were generally 
as great as on earlier dates, although Table 14 showed the WSC concentra­
tion to be decreasing sharply. 
When discussing these correlations involving SOIL F (above) and 
SOIL K (following), it must be recalled that only 0 (no added fertilizer) 
and 1 (fertilizer added) were used as values for these two plot values. 
Somewhat different results might be obtained if soil test values, for 
example, were used as values. 
Although SOIL K tended to be more often negatively correlated with 
the Anions and Trace Cations, much variability can be noted among members 
of a group. Most obvious is the Major Cation group, which Includes both 
K (59+, 0-) and Mg (0+, 52-), the two analytical values most often highly 
associated with SOIL K. From Figure 3 it can be noted that 10 of the 12 
samples which did not correlate SOIL K and K highly were in Wàyne, and 
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a. a 
Wayne Hark & Amsoy 
Po Sample Po 
751 590 760 804 
.869 811 893 .777 
.794 .865 925 .780 874 909 
.724 .934 828 880 926 .930 
925 .906 919 736 907 766 536 
.972 .951 925 807 942 912 729 
866 942 920 906 911 862 
670 960 635 790 .835 751 818 640 
883 .952 .793 .866 .826 .697 487 .717 
a, L = leaves, P = petioles, S = stems, Po = pods, and B = beans. 
N^o samp le taken. 
Figure 3. 1971 soybean high correlations between SOIL K and K 
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included all six Wayne samples in which beans were present. The two Hark 
and Amsoy samples for which these correlations were low also were a beans 
alone (eighth date) and a pods plus beans sample (seventh date). Highly 
negative correlations between SOIL K and Mg are shown in Figure 4 to 
occur in every leaf sample, and all petioles but one. None of the five 
bean samples had correlations high enough to be included on Table 21, and 
only one of the five pods alone samples, and three of the six pods plus 
beans samples achieved this 90% level of significance. Eight of the 18 
highly negative correlations between SOIL K and P content (0+, 18-) were 
observed on leaves, which is also where 15 of the highly negative corre­
lations between SOIL K and Ca (8+, 23-) were observed. Figure 5 reveals 
that five of the eight positive correlations between SOIL K and Ca were 
on late-season stems, and two more on ninth sampling date petioles. 
Figure 6 shows which correlations between SOIL K and WSC (4+, 11-) 
were most significant. All four of the positive coefficients were with 
leaves, while seven of the negative ones were with petioles, including 
all of the first five Hark and Amsoy petioles samples. None of the 
highly negative correlations between SOIL K and N (04-, 7-) occurred on 
Hark and Amsoy leaves, petioles, or stems, nor were any of those between 
SOIL K and Mn (2+, 10-) in Wayne leaves. All five of the negative 
correlations between SOIL K and Zn (3+, 5-) were on leaves or petioles, 
and seven of those with B (2+, 12-) were on leaves. None of these B 
correlations involved Hark and Amsoy stems, pods, or beans, and none of 
those between SOIL K and Cu (5+, 6-) involved Hark and Amsoy petioles, 
stems, or pods. Correlations between SOIL K and Na (2+, 9-) or A1 (5+, 
5-) did not appear to follow any discernible pattern. 
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a a 
Wayne Hark & Amsoy 
Sample Po Po 
-.854 -.872 -.946 
-.787 -.777 - .682 
-.801 
-.780 -.766 -.449 
-.728 -.842 - . 662  -.709 -.611 
-.807 -.961 -.708 -.886 -.833 -.673 
-.937 -.893 - .802 
-.712 -.932 
-.861 -.907 - .682  -.743 -.760 
-.885 -.956 -.766 -.946 -.496 -.604 
-.851 -.765 -.910 -.849 -.847 -.777 
-.855 -.876 -.645 
-.740 -.594 
-.902 -.731 
a. L = leaves, P = petioles, S = stems, Po = pods, and B = beans 
N^o sample taken. 
Figure 4. 1971 soybean high correlations between SOIL K and Mg 
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a a 
Wayne Hark & Amsoy 
Sample Po Po 
-.878 -.725 -.780 
-.834 
-.710 -.495 
-.775 -.615 
- .626 -.656 
-.967 -.660 
-.864 .876 -.481 .498 
-.773 -.758 -.555 .625 -.478 
-.482 
-.547 
-.774 856 -.649 .721 709 591 530 
-.763 
a leaves, P = petioles, S = stems, Po = pods, and B = beans 
N^o sample taken. 
Figure 5. 1971 soybean high correlations between SOIL K and Ca 
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a a 
Wayne Hark & Amsoy 
L P S Po B Sample L P S Po B 
N 
y/s 
Ny/ 
y/ s 1 -.429 
N y/ 
y/ S 
Ny/ 
y/ s 
N 
y/ s 
N y/ 
y/S 2 -.531 
N y/ 
y/S 
Ny/ 
y/s 
-.693 -.858 N y/ 
y/S 
N 
y/ S 
3 
-.675 N y/ 
y/s 
N 
y/ S 
.667 N yX 
y/S 
N 
y/S 
4 
-.744 N y/ 
y/s 
N y/ 
y/S 
-.676 N y/ y/S 5 -.503 -.468 
N y/ 
y/s 
.626 N y/ 
y/s 6 
N y/ 
y/g 
N y/ 
y/s 7 .658 
N y/^  
y/g 
8 .504 
-.660 
-.720 9 N y/ /s 
y/S 
10 N y/ 
yXs 
Ny/^  
/s 
N y/ 
y/s 
N y/^  
y/s 
N y/ 
y/s 
= leaves, P = petioles, S = stems, Po = pods, and B = beans. 
N^o sample taken. 
Figure 6. 1971 soybean high correlations between SOIL K and WSC 
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The bottom portion of Appendix Q, and Appendix R, show the responses 
of WSC, N, P, K, Ca, and ^  to SOIL K, for each sampling date, plant 
part, and variety group. As was expected and suggested by Figure 3, 
almost all of the 71 K content responses to SOIL K were positive. The 
four exceptions were first sample Wayne leaves, and all three Wayne bean 
samples. Perhaps most noteworthy in these two appendices is the magnitude 
of the responses. Of the 55 responses in leaves, petioles, and stems, 
all but first sample Wayne leaves were 0.3% K or more, 45 of them exceeded 
0.5% K, 33 of them exceeded 0.7% K, and 18 of them exceeded 1.0% K. 
Petioles were the most responsive plant part, followed by stems. As the 
season progressed, K content responses in stems tended to decrease, while 
in leaves it increased. Beans appeared to be least responsive of the 
plant parts, since response in pods and beans combined was intermediate 
between that of the less responsive beans and the more responsive pods. 
Although Figure 3 suggested K content was increased less in Wayne than in 
Hark and Amsoy, Wayne was more responsive in 14 of 33 comparison, with 
bsans being the only plant part where Wayne was consistently less respon­
sive than Hark and Amsoy. 
Only two of the 71 responses of Mg to SOIL K were positive, and as 
with K, the responses were generally large in relation to their mean con­
centrations. Table 14 showed the mean Mg content to generally be .45 to 
.55% Mg (except in pods or beans alone), but nearly 53% of the leaf, 
petiole, and stem responses exceeded .20% Mg. By plant part, leaves, 
petioles, stems, and pods and/or beans form a decreasing order of respon­
siveness of Mg content to SOIL K. Wayne did not seem consistently any 
more or less responsive on any plant part than Hark and Amsoy. 
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The response of P content to SOIL K was also more consistently nega­
tive than indicated by Table 21; only 7 of the 71 responses were positive, 
and all four of them on petioles and stems (none were on leaves) were the 
minimum of 0.01% P. Pods and/or beans again appeared to be the most 
variable plant parts in terms of responsiveness. Of the other three plant 
parts, leaves appeared the most responsive and stems the least responsive. 
Most of the responses were .02 to .05% P, with Wayne being somewhat the 
more responsive of the two variety groups. 
Responses in Ca content to SOIL K were predominantly negative in 
leaves (15 of 17), petioles (14 of 19), and beans (5 of 5), but positive 
in stems (15 of 19). No variety group differences in response were ob­
served, but responses were obviously greatest in leaves, especially later 
in the season. Stems also tended to have more high responses later in 
the season than earlier, especially in Hark and Amsoy. As was true for 
the other two Major Cations, Ca response to SOIL K was less consistent 
or dramatic in pods and/or beans. 
Although N content correlated highly and negatively with SOIL K in 
seven cases of the 71, and none were on Hark and Amsoy leaves, petioles, 
or stems, the data in Appendices Q and R give little indication that the 
association is predominately negative or strongest in Wayne. Rather the 
data suggest random variability, as only 40 of the 71 responses were 
negative. Four of the six greatest negative responses were on Wayne, but 
so were nine of the seventeen positive responses. All but ten of the 
responses, in either direction, were 0.2% N or less. 
Water-soluble-carbohydrate response to SOIL K was predominately 
positive in leaves (12 or 17), but negative in all other plant parts (41 
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of 54). All but two of the samples which correlated highly between WSC 
and SOIL K had responses of 1.0% WSC or more, but so did 13 other samples, 
suggesting that inconsistency of the response may have been partially 
responsible for some of the WSC values not correlating so highly with 
SOIL K. Responses in either direction tended to be greater in leaves 
and petioles than in other plant parts, and Wayne was often more respon­
sive than Hark and Amsoy, especially in leaves and late season petioles. 
Although no factor was overly consistent in being highly correlated 
with yield, the Oxide-Formers and Trace Cations were definitely more often 
negative than positive in the sign of their correlations with yield. 
Yield was negatively correlated with Si (2+, 8-) on all Wayne plant parts 
on the sixth date, and with A1 (1+, 7-) on Wkyne leaves and petioles on 
the same date. However, the absence of high corresponding correlations 
on the preceding or following sampling dates, or on Hark and Amsoy on the 
same sampling date or stage of development, tend to discredit the impor­
tance of these Wayne correlations. None of the negative correlations 
between yield and Fe (1+, 9-) occurred on Hark and Amsoy prior to the 
sixth sampling date. 
None of the high correlations between yield and the Trace Cations 
occurred early in the season. The negative correlations with Mn (0+, 9-) 
were all after the fourth Wayne date or the sixth Hark and Amsoy date, 
and with Cu (2+, 11-) after the third Wayne date or fourth Hark and Amsoy 
date. High correlations between yield and Zn (4+, 12-) were all at the 
fourth date or later, with seven of the negative correlations on the 
fourth through seventh sampling dates of Hark and Amsoy leaves and 
petioles. 
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High positive correlations with DW (9+, 2-) were most often in 
petioles or stems (eight times), especially in Hark and Amsoy. Four of 
the seven negative correlations between yield and WSC (4+, 7-) were at 
the first two sampling dates of Wayne, but it is hard to imagine a valid 
indicator of yield existing so early in the season. Of the high corre­
lation coefficients between yield and S (4+, 5-), only two negative ones 
were found in Hark and Amsoy. Correlations between yield and N (3+, 6-) 
failed to show a pattern, except that both pods alone and beans alone had 
negative coefficients on the last sampling date of Wayne. None of the 
high correlations between yield and Ca (2+, 8-) were found earlier than 
the ninth sampling date of Wayne. Five of the six high correlations 
between yield and V STAGE (4+, 2-) occurred on the fourth date or earlier, 
but the presence of both positive (3) and negative (2) correlations 
confuse whether early vegetative development is indicating higher or lower 
yields. 
Leaf WSC, in addition to being frequently positively correlated with 
WSC of other plant parts tended to be more often negatively correlated 
with the Oxide-Formers and at least two members of each of the Anion, 
Major Cation, and Trace Cation groups. Leaf WSC was anticipated to be 
positively correlated with WSC in other plant parts, and it was (15+, 0-), 
especially in petioles and stems. The high negative correlations between 
leaf WSC and N (0+, 11-) were never before the fourth sampling date and 
seldom after the seventh. The correlations between leaf WSC and P (1+, 
16-) failed to show much of a pattern, except that eight of the negative 
coefficients were on the seventh or eighth sampling dates. 
Figure 7 shows that most of the negative correlations between leaf 
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Wayne^ Hark & Amsoy^ 
Sample Po Po 
.636 .454 
-.643 -.693 
-.548 -.434 -.590 
-.534 -.746 -.571 -.531 -.710 
-.484 -.687 -.683 -.464 -.432 -.830 
-.672 
a. L = leaves, P = petioles, S = stems, Po = pods, and B = beans. 
N^o sample taken. 
Figure 7. 1971 soybean high correlations between Leaf WSC and Mg 
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WSC and Mg (2+, 17-) were on the eighth date for Wayne and the sixth 
through eighth sampling dates for Hark and Amsoy; none of the negatives 
appeared prior to those dates with Hark and Amsoy. Most of the high 
correlations with K (7+, 0-) were on petioles. Both positive correlations 
between leaf WSC and Ca (2+, 8-) were with Wayne, but the eighth and ninth 
sample leaves were the only Wayne values which were highly negatively 
correlated. Leaf WSC with Na (5+, 6-) or Si (0+, 7-) correlations tended 
to be late in the season with Wayne but early with Hark and Amsoy. Both 
positive correlations between leaf WSC and A1 (2+, 7-) were seventh 
sampling date stems, the plant part which also accounted for three of the 
four positive correlations between leaf WSC and Fe (4+, 7-). Three of 
the seven negatives were in pods. 
The negative correlations between leaf WSC and Mi (1+, 13-) were 
clustered in the sixth through eighth sampling dates, plus Hark and Amsoy 
leaves on dates two, four, five, and six. Beans, pods, and Wayne stems 
accounted for none of the high correlations between leaf WSC and Zn (1+, 
10-), while Wayne petioles (1), stems (3), and pods (1) accounted for all 
positive correlations between leaf WSC and Cu (5+, 2-). Three Wayne and 
three Hark and Amsoy leaf samples showed high negative correlations between 
leaf WSC and B (0+, 9-); the remaining three high correlations were also 
with Hark and Amsoy. Most of the high correlations between leaf WSC and 
DW (3+, 5-) were with Hark and Amsoy petioles. Leaf WSC and DAE (1+, 5-) 
were negatively correlated on second sampling date (both variety groups), 
and on Wayne's sixth, eighth, and ninth sampling dates. No pattern was 
obvious with the correlations between leaf WSC and DW5FT (0+, 4-). It 
is interesting to note that the seven factors N, P, Ca, Mg, Mh, Zn, and B 
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have a total of 84 high negative correlations with leaf WSC, but only 7 
positive ones. 
As was the case with leaf WSC, petiole WSC was often positively 
correlated with WSC of other plant parts (25+, 0-), especially the stems, 
and more so with Hark and Amsoy than Wayne, as shown on Figure 8. Petiole 
WSC was predominately negatively correlated with the Oxide-Former group. 
Five of the negative correlations with Si (1+, 11-) were with leaves (as 
was the positive), and six of those with A1 (3+, 10-) were on petioles. 
Hark and Amsoy leaves at the fourth, fifth, seventh, and eighth sampling 
dates accounted for four of the negative correlations between petiole 
WSC and Fe (3+, 12-), and each variety group's last sample beans accounted 
for two more. 
Six of the high negative correlations between petiole WSC and P (2+, 
11-) were at the seventh and eighth sampling dates of Wayne, which were 
the only dates that high correlations were found with Wayne. While leaf 
WSC had tended to be positively correlated with K and negatively with Mg, 
petiole WSC tended the opposite way. Hark and Amsoy accounted for 10 of 
the negative correlations between petiole WSC and K (0+, 17-), and all on 
the first five sampling dates, as shown on Figure 9. Figure 10 shows a 
cluster of positive correlations between petiole WSC and Mg (12+, 1-) 
on the early sampling dates of Hark and Amsoy. 
Five of the negative correlations between petiole WSC and S (1+, 6-) 
were at the sixth and seventh sampling dates, with only one Wayne. All of 
the high correlations but two, both positive and negative, between petiole 
WSC and N (4+, 7-) were late in the season. Calcium (6+, 5-) had no high 
correlations on Wayne before the ninth sampling date. Zinc's (4+, 6-) 
a a 
Wayne Hark & Amsoy 
L P S Po B Sample L P s Po B 
.673 .912 N S 
Ny/ 
y/ S 
1 .828 N y/ 
y/S 
Ny/ 
y/ S 
N 
yXs 
Ny/ 
y/S 2 .673 .592 
N y/ 
y/S 
Ny/ 
y/ S 
.823 N y/ /S 
Ny/ 
y/ S 
3 .634 .688 N y^  
y/S 
N y/ 
y/S 
.801 N /s 
Ny/ 
y/ S 
4 .469 N y/ 
y/S 
N y/ 
y/S 
N y/ 5 .465 .639 N y/ 
y/S 
..702 .621 N y/ 
y/S 6 .567 
N y/ 
y/S 
.697 N y/ 
y/S 7 .582 
N y/ 
y/S 
.936 .680 .762 8 .833 
.880 9 
N 
y/g .566 .423 
.647 10 N yX 
y/S 
Ny/ 
y/S 
N y/ 
y/S 
N y/ 
yXS 
Ny/ 
y/S 
= leaves, P = petioles, S = stems, Po = pods, and B = beans. 
N^o sample taken. 
Figure 8. 1971 soybean high correlations between Petiole WSC and WSC 
Wayne^ 
X Ny/^  y/ s 
N yX 
s 
Ny/ 
S 
-.711 -.863 -.854 N y/ /S 
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Sample 
Hark & Amsoy^ 
= leaves, P = petioles, S = stems, Po = pods, and B = beans. 
N^o sample taken. 
Figure 9. 1971 soybean high correlations between Petiole WSC and K 
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Wayne^ Hark & Amsoy^ 
Sample Po Po 
831 
670 688 
746 
756 .771 - .612 
897 
a L = leaves, P = petioles, S = stems, Po = pods, and B = beans 
N^o sample taken. 
Figure 10. 1971 soybean high correlations between Petiole WSC and Mg 
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high positive correlations with petiole WSC were all on Wayne, and its 
high negative ones were all on Hark and Amsoy after the sixth sampling 
date. The same Hark and Amsoy sampling dates accounted for six of the 
negative correlations between petiole WSC and B (2+, 9-). Wayne leaves 
and pods, and all Hark and Amsoy plant parts after the third sampling 
dates, accounted for none of the high correlations between petiole WSC 
and Na (5+, 3-). The last three sampling dates accounted for all the 
high correlations between petiole WSC and R STAGE (14-, 4-) while the 
first three sampling dates accounted for all the high correlations except 
one negative one between petiole WSC and DAE (14-, 5-). 
As with petioles, high correlations involving WSC within stems were 
generally positive with WSC of other plant parts, and negative with the 
Oxide-Formers. Although no pattern was apparent among the correlations 
between stem WSC and Si (14-, 7-), all negative correlations between stem 
WSC and A1 (04-, 9-) but one were on leaves or petioles, especially the 
latter. Iron (14-, 11-) was negatively correlated with stem WSC in all 
Wayne plant parts on the sixth sampling dates, while the only high corre­
lations observed on Hark and Amsoy were four negative ones on the sixth 
through eighth dates. 
The frequent high positive correlations between stem WSC and WSC of 
other plant parts (214-, 0-) were predominately on petioles, especially 
Hark and Amsoy, only once on pods, and never on beans (see Figure 11). 
Stem WSC resembled petiole WSC in being predominately negatively corre­
lated with K (34-, 15-) on the third through seventh sampling dates. As 
shown on Figure 12, the three positive correlations were all later in the 
season. The positive correlation coefficients between stem WSC and Mg 
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Wayne^  Hark & Amsoy^  
B Sample Po Po 
822 .912 .828 
.540 .592 
.823 .631 .688 
.801 .452 469 
.594 .567 
.582 
.797 .680 .833 
.880 566 .459 
.647 
a L = leaves, P = petioles, S = stems, Po = pods, and B = beans. 
N^o sample taken. 
Figure 11. 1971 soybean high correlations between Stem WSC and WSC 
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y/S 
-.473 -.618 N y/ ys 
N y/ 
y/S .513 .493 
N y/ 
y/S X N y/ N //^  X 
L = leaves, P = petioles, S = stems, Po = pods, and B = beans. 
No sample taken. 
Figure 12. 1971 soybean high correlations between Stem WSC and K 
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(12+, 4-) were generally distributed throughout the working chart after 
the second sampling date, except no positive and three negative correla­
tions occurred in Hark and Amsoy after the fifth sampling date. 
The positive correlations between stem WSC and DW (9+, 6-) were all 
in the last three sampling dates, but all of the plant parts on the last 
date for Hark and Amsoy were negative. The only high correlations between 
stem WSC and N (6+, 6-) on Wayne were sixth and eighth date leaves. Five 
of the high correlations between stem WSC and P (0+, 7-) were on the sixth 
sampling date. The only Hark and Amsoy plant part to exhibit high correla­
tions between stem WSC and Ca (5+, 3-) was stems (24-, 1-) , but none of 
the high correlations were found on Wayne stems or beans. 
Four of the five positive correlations between stem WSC and Zn (5+> 
6-) were on Wayne, while the negative correlations were evenly divided 
between variety groups. All positive correlations between stem WSC and 
Cu (5+, 3-) were on stems or pods. The negative correlations between stem 
WSC and V STAGE or R STAGE (both 0+, 3-) were mostly on Hark and Amsoy. 
In reviewing correlations involving WSC of pods and beans combined, 
pods alone, or beans alone, bear in mind that Table 21 listed fewer avail­
able correlations from which to detect patterns, since pods and beans com­
bined existed only on the fifth through seventh sampling dates, and pods 
alone or beans alone existed only after the seventh date. 
To the extent that generalizations are justified from such limited 
data, pod and bean WSC tended to be negatively correlated with the Anions 
and Oxide-Formers, although it was not highly correlated in either direc­
tion with P or Si. None of the pod and bean WSC correlations with S (1+, 
2-) or N (0+, 3-) involved Hark and Amsoy. In addition to A1 (14-, 5-) 
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and Fe (1+, 4-), pod and bean WSC was also negatively correlated with K 
(0+, 5-), but positively correlated with (3+, 0-). Positive correla­
tions were also found between pod and bean WSC and Cu (3+, 3-) on the 
seventh sampling date, although the three negatives were on the earlier 
two dates. 
All high correlations between pod WSC and the Trace Cations or B 
(0+, 4-) were negative. Those with B, Zn (0+, 7-), or Mn (0+, 3-) were 
mainly on Wayne samples, and all on the last sampling date for Mn. Pod 
WSC was positively correlated on Wayne but negatively on Hark and Amsoy 
with Mg (4+, 1-) and Na (2+, 1-), and the reverse with K (1+, 5-). All 
negative correlations between pod WSC and DW (3+, 4-) were on pods or 
beans. The positive correlations between pod WSC and WSC of other parts 
(3+, 0-), N (4+, 0-), Ca (4+, 3-), or Si (2+, 2-) showed no pattern. 
Phosphorus (2+, 2-) had two positive correlations with pod WSC on the 
eighth sampling date, and two negative ones on the tenth date. 
Bean WSC did not follow a pattern of sign of correlation coefficients 
with any group of analytical values. On the eighth sampling date, bean 
WSC was positively correlated with WSC (5+, 1-) of Wayne leaves, petioles, 
and stems, and Hark and Amsoy leaves, but was negatively correlated on 
Wa3nie pods. The same sampling date accounted for all the positive correla­
tions between bean WSC and K (3+, 0-), which were all Hark and Amsoy, or 
Cu (2+, 2-), which were both Wayne, and all the negative correlations 
between bean WSC and (1+, 4-). Wayne accounted for all the negative 
correlations between bean WSC and P (1+, 4-) or Ca (0+, 3-). Neither 
leaves, petioles, nor beans were involved with the high correlations 
between bean WSC and Si (3+, 1-). 
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The only consistent patterns in sign of correlation coefficients 
between the time-related subplot factors (DAE, V STAGE, or R STAGE) and 
analytical value groups were between DAE and Trace Cations or V STAGE and 
Anions. Both were predominately positive. Of the Trace Cations, only Cu 
(6+, 0-) correlations with DAE justified a generalization., since half of 
these high correlations were at the first sampling date. 
High correlations involving days after emergence (DAE) were similar 
to those of R STAGE in being predominately negative with DW (1+, 7-), 
even though three between V STAGE (34-, 0-), the third time-related factor, 
and DAE were positive. Four of the seven negative correlations between 
DAE and DW were on the first two Hark and Amsoy dates, and only one was 
on Wayne. Figure 13 shows that eight of the negative correlations between 
DAE and WSC (6+, 13-) were also on the first two sampling dates, but four 
positive correlations were observed on the third sampling date; three of 
the remaining negative correlations were on Wayne leaves. Sulfur's (6+, 
2-) high correlations with DAE included only one positive on Wayne, and 
both negatives on Hark and Amsoy petioles. The only Hark and Amsoy 
samples with high correlations between DAE and N (9+, 3-) were two posi­
tives on mid-season leaves, while negatives were on first sampling date 
leaves and petioles, and second date leaves. 
Half of the positive correlations between DAE and P (8+, 2-) were on 
pods, and none of the high correlations occurred earlier than eighth date 
Wayne or fifth date Hark and Amsoy. Tenth date Wayne samples and first 
date Hark and Amsoy samples accounted for all of the positive correlations 
between DAE and Ca (4+, 6-); half of the negatives involved pods. Seventh 
date accounted for both negative correlations between DAE and Mg (6+, 2-) 
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a a 
Wayne Hark & Amsoy 
Sample Po Po 
-.779 -.680 -.557 
-.760 -.659 -.889 -.618 -.472 
683 .619 501 .695 
427 
-.766 -.726 
-.574 
-.638 
-.644 .682 
a 
L = leaves, P = petioles, S = stems, Po = pods, and B = beans 
No sample taken. 
Figure 13. 1971 soybean high correlations between DAE and WSC 
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while the positive correlations were either on the first three dates, or 
on the last Wayne date. All but one of iron's (2+, 6-) high correla­
tions with DAE were on the first three dates, including negative corre­
lations on Hark and Amsoy stems on all three dates. The first date 
alone accounted for five of the positive correlations between DAE and B 
(7+, 4-), and four of those between DAE and Na (7+, 1-). Leaves 
accounted for three of the positive correlations, while stems accounted 
for two positives and two negatives, between either DAE and A1 (64-, 3-) 
or Si (6+, 3-). 
Since the range in V STAGE values was almost always less than one 
full stage within a variety group at a single sampling date, it was 
surprising to find so many factors which correlated highly with V STAGE 
so frequently. V STAGE at time of sampling was expected to be predominate­
ly correlated with R STAGE (3+, 0-), DAE (3+, 0-), and DW of the plant 
parts (20+, 1-), since all these factors exhibit a definite increasing 
trend with time throughout most of the growing season. Leaves and stems 
accounted for most of the positive correlations with DW. The high posi­
tive correlations with R STAGE were all in the first three sampling dates, 
as were two of the high correlations with DAE. 
Table 21 also points out that six factors which were negatively 
correlated with V STAGE across the entire growing season were either in­
consistent or predominately positive within a sampling date. This was 
especially true of the Anions N and P. All positive correlations between 
V STAGE and N (6+, 1-) were on the first, eighth, or ninth sampling dates, 
while most of the positive correlations between V STAGE and P (12+, 0-) 
were on Wayne stems or pods, or Hark and Amsoy petioles, as shown on 
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Figure 14. Six of the positive correlations between V STAGE and tfei (8+, 
5-), and five of those with Si (6+, 2-), were on the fourth and fifth 
sampling dates. Three of the negative correlations between V STAGE and 
Fe (6+, 7-) were on leaves, while the same number involving Zn (4+, 5-) 
were on petioles. 
Wayne accounted for all the positive correlations between V STAGE 
and K (4+, 10-), and the negative correlations were all within sampling 
dates five through nine. Three of the negative correlations between V 
STAGE and WSC (0+, 5-) involved stems, and all were Hark and Amsoy. 
Positive and negative correlations alike between V STAGE and Ca (5+, 7-) 
were well scattered among plant parts and sampling dates. Magnesium (16+, 
0-) correlations with V STAGE were either among the last half of the 
sampling dates for Wayne, or the first half for Hark and Amsoy. The 
last two sampling dates accounted for five of the six negative correlations 
between V STAGE and Cu (1+, 6-). Four of the negative correlations between 
V STAGE and A1 (1+, 9-) involved stems, and five of them involved the last 
three sampling dates. 
Correlations between reproductive stage of development at time of 
sampling (R STAGE) and V STAGE (3+, 0-) were positive whenever their 
correlations were high, as expected. However, the correlations with DAE 
(1+, 1-) were seldom high, and those between R STAGE and DW (4+, 12-) were 
more often negative than positive. As discussed earlier with V STAGE, 
these latter two factors were anticipated to be predominately positively 
correlated with R STAGE. It must be recalled, however, that the range in 
R STAGE values is narrow (one stage or less) within any variety group and 
sampling date. Figure 15 shows the high positive correlations between 
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Wayne^  Hark & Amsoy^  
Sample Po Po 
633 457 
748 541 618 .558 
760 
692 464 
632 523 489 
a leaves, P = petioles, S = stems, Po = pods, and B = beans. 
No sample taken. 
Figure 14. 1971 soybean high correlations between V STAGE and P 
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L = leaves. P = petioles, S = stems, Po = pods, and B = beans. 
No sample taken. 
Figure 15. 1971 soybean high correlations between R STAGE and DW 
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R STAGE and DW were either petioles or pods, while four of the negative 
correlations were on Hark and Amsoy leaves on four successive sampling 
dates. Negative correlations between R STAGE and WSC (3+, 10-) were more 
often on petioles or stems than on other plant parts, and were not found 
with any Wayne plant part prior to the ninth sampling date. Sampling 
dates six through eight contained all high negative correlations between 
R STAGE and S (3+, 5-), while the positives were all Hark and Amsoy 
petioles or stems. Stems accounted for all positive high correlations 
between R STAGE and N (4+, 8-), while six of the negatives were grouped 
in the seventh and eighth dates for Hark and Amsoy. Six of the positive 
correlations between R STAGE and K (8+, 1-) were on the fifth and sixth 
sampling dates, while all but one of the high correlations between R STAGE 
and Ca were on Hark and Amsoy. All negative correlations between R STAGE 
and % (2+, 6-) were on stems cr pods. Manganese (1+, 7-) and R STAGE 
correlations were more common on petioles or stems than on other plant 
parts, while stems accounted for most of the high correlations between 
R STAGE and Zn (5+, 1-). All but two of the high correlations between R 
STAGE and B (10+, 2-) were on dates six through nine on Hark and Amsoy, 
while all but one high correlation between R STAGE and A1 (8+, 4-) were 
on the fifth sampling date or later. 
E. Analyses of 1969 and 1970 Soybean Samples 
Water-soluble-carbohydrate determinations were also made on the 
soybean plant samples taken in 1969 and 1970. From the DW and WSC values 
of the 1971 samples it was possible to recombine plant parts from 1971 to 
more nearly match the separations of plant parts made in the earlier years. 
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Hie only 1969 or 1970 sample for which a corresponding 1971 sample could 
not be generated was a component at 80 DAE in 1969, composed of the top 
mature leaf of each plant. 
Table 22 shows the WSC values of the 1969 samples, and some corres­
ponding WSC values from the 1971 data. All values were averaged over 
varieties and treatments. The most obvious difference between the two 
years is in the samples taken at 73 DAE or later, when the WSC level of 
the total remaining plant parts (TP) was less than one-half as high in 
1969 as in 1971. Comparisons of these values with corresponding WSC 
determinations on samples from other sites in other years suggest that 
the 1969 values were extremely low, but why they were so low is not known. 
Laboratory error in analysis seems unlikely, since only one sampling date 
was analyzed at a time, all 1969 samples were analyzed three or more 
times and the mean value used, and the pod and bean (P & B) samples were 
run at the same time in the same set, interspersed with the TP samples 
on a plot by plot basis. The 113 DAE samples in 1971 were taken at a 
mean reproductive stage of RIO.6, which means that Wayne was the only 
variety with leaves remaining, and they were turning yellow with maturity. 
Since leaves typically were high in WSC in all samples analyzed, the 
data suggests that leaves may not have been included in the TP samples 
in question, but the records indicated that removal of leaves from those 
samples was neither intended nor accomplished, no leaf samples (which 
would thus have been established and surely saved) existed, and the author, 
who was the only one working with these samples, has no recollection of 
having removed the leaves, except for the top single leaf of each plant 
on the samples at 80 DAE. No errors in calculating, copying, or punching 
Table 22. Overall mean WSC values, 1969 and 1971 soybeans 
Per cent WSC 
Tpa L P S P&B TL 
DAE 1969 1971 1969 1971 1969 1971 1969 1971 1969 1971 1969 1971 
18 11.8 
36 8.7 
48 10.9 8.3 4.7 
50 11.6 7.8 5.6 
57 11.7 8.2 6.5 
64 12.6 8.9 6.7 
73 10.3 9.1 
80 4.6 8.9 
86 10.4 8.6 
88 5.0 8.0 
94 4.7 9.7 9.2 7.9 
101 4.3 9.3 7.8 8.7 
113 4.8 10.2 
T^P is total plant for DAE = 18 or 36, or the total of remaining plant parts after P&B (and 
Top leaf) were separated for other dates. 
I^n 1969, variety Wayne was harvested at 59, 90, 97, 104, and 111 DAE, rather than at 48, 80, 
88, 94, and 101 DAE as shown 
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data, or reading data into the computer, were found. The range in WSC 
values for the four 1969 sampling dates was 2.3 to 6.4% WSC, while the 
range for the four 1971 dates (excluding the 113 DAE sample) was 6.7 to 
13.9% WSC. 
The other values shown on Table 22 show no more disagreement between 
the two years than might be expected from day to day variations in WSC 
levels, except perhaps the first total plant (TP) values for each year. 
The 1969 samples (18 DAE) had two trifoliate leaves out at sampling time, 
while two of the three varieties had started flowering when the 1971 
samples (36 DAE) were taken. The weather between planting and sampling 
in 1969 was not particularly abnormal, but in 1971 was unseasonably warm. 
The mean seed yield was 303 kg/ha higher in 1969 than in 1971 (3115 and 
2812 kg/ha, respectively), but it is felt that this difference was too 
small to give any insight into possible differences between the years in 
TP WSC values. 
The three varieties (Hark, Amsoy, and Wayne) involved had remarkedly 
little influence on the relationships between values shown on Table 22, 
although they did tend to differ in WSC level in many cases. Amsoy was 
usually thé highest of the three in WSC level, regardless of plant part, 
sampling date, or year. Amsoy was most consistently higher when leaves 
were included (e.g., TP, L, or T. L. sangles). Wayne frequently was 
lowest of the three in WSC level, especially in TP and P & B samples in 
1969, or L, P, and S sançles in 1971. The 113 DAE 1971 TP values point 
out the influence of leaves on the TP results well. Hark (stage R 11, 
95% of pods brown) and Amsoy (stage R 10.9) averaged 3.6 and 3.5% WSC, 
respectively, while Wayne (stage R 9.9, with R 10 indicating 50% of leaves 
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yellow) averaged 7.5% WSC. 
The influence of P fertility level on the WSC values averaged in 
Table 22 is summarized in Table 23. The influence was similar in 1969 
and 1971, and generally changed the WSC levels little if at all, although 
most changes were decreases in WSC with the high P level. The only three 
increases in WSC with the higher P level showed no obvious pattern, and 
were considered an indication of inherent variability more than an indi­
cation of a pattern of WSC response to P fertility. It is interesting 
to note that although WSC decreased slightly to none at all with higher 
P levels, seed yield increases were obtained in both years with higher P 
fertility, although both increases (216 kg/ha in 1969, 159 kg/ha in 1971) 
were modest. The 1971 yield increase was apparently the more consistent, 
since its correlation with soil P was higher than was 1969 yield. 
Table 24 shows that the influence of K fertility on WSC in the two 
years was also inconsistent but generally little to none. While yields 
were higher with higher K in both years, the increases were small (60 
and 87 kg/ha in 1969 and 1971, respectively). Many of the WSC differ­
ences observed with higher K fertility were somewhat greater than had 
been observed with P fertility, but their inconsistency was again more 
suggestive of inherent variability than a definite pattern of response. 
One of the major interests in these WSC values is their possible 
associations with final seed yield. To investigate these associations, 
simple linear correlations were run between yield and WSC of each plant 
component on each sampling date. Those correlation coefficients (r) for 
which the calculated probability of obtaining a higher absolute coeffi­
cient when no true association exists is less than 10% are listed on 
Table 23. Increases in WSC associated with addition of P fertility, 1969 and 1971 soybeans 
Per cent WSC 
TPa L P S P&B TL 
DAE 1969 1971 1969 1971 1969 1971 1969 1971 1969 1971 1969 1971 
18 -1.0 
36 -0.8 
48 -0.5 -0.4 0.0 
50 -0.4 -0.4 -0.3 
57 -1.2 -0.6 -0.2 
64 -0.7 0.4 -0.1 
73 -1.5 -1.0 
80 -0.2 -0.4 
86 -0.1 0.8 
88 -0.6 -0.1 
94 0.0 -1.0 0.0 -0.3 
101 0.0 -0.5 -0.1 0.0 
113 -0.1 0.2 
-0 .8  
T^P is total plant for DAE = 18 or 36, or the total of remaining plant parts after P&B (and 
Top leaf) were separated for other dates. 
I^n 1969, variety Wayne was harvested at 59, 90, 97, 104, and 111 DAE, rather than at 48, 80, 
88, 94, and 101 DAE as shown. 
Table 24. Increases in WSC associated with addition of K fertility, 1969 and 1971 soybeans 
Per cent WSC 
TP^ L P S P&B TL 
DAE 1969 1971 1969 1971 1969 1971 1969 1971 1969 1971 1969 1971 
18 0.1 
36 -0.4 
48 0.1 —2.1 -0.6 
50 1.0 1.0 -0.1 
57 -0.9 -1.9 -0.7 
64 1.3 -1.8 -0.6 
73 -0.6 -0.7 
80 -0.5 -0.4 
86 0.5 
-0.1 
88 -0.6 -0.3 
94 -0.6 -0.4 0.0 -0.3 
101 -0.8 0.6 -0.2 0.4 
113 -0.3 -1.0 
T^P is total plant for DAE = 18 or 36, or the total of remaining plant parts after P&B (and 
Top leaf) were separated for other dates. 
I^n 1969, variety Wayne was harvested at 59, 90, 97, 104, and 111 DAE, rather than at 48, 80, 
88, 94, and 101 DAE as shown. 
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Table 25. Yield was highly positively correlated with TP WSC at 94 and 
101 DAE in 1969, and at 101 DAE in 1971. These are interesting when 
viewed with Tables 23 and 24, since higher P fertility was associated 
with higher yields in both years, but with lower WSC in TP at 101 DAE 
in 1971 (0.5% WSC lower), and unchanged WSC in TP at either 94 or 101 DAE 
in 1969. The higher K levels were associated with slightly higher yields 
in both years, but with lower WSC in TP at 94 DAE (0.6% WSC) and 101 DAE 
(0.8% WSC) ir.-. 1969. The WSC of TP at 101 DAE in 1971 was 0.6% WSC higher 
with higher K fertility. 
Pod and bean WSC at 88 and 94 DAE was also positively correlated 
with yield in 1969, but the same value at 94 DAE in 1971 was negatively 
correlated with yield. The only other high correlation with yield was a 
negative one with TP WSC at 36 DAE in 1971. Yield was also positively 
correlated with P level in 1971 (r = .419, yields of 2733 and 2892 kg/ha 
with low and high P, respectively), and negatively with variety in 1969 
(r = -.653, yields of 3360, 3213, and 2797 kg/ha for Hark, Amsoy, and 
Wayne, respectively). 
The 1970 soybean plant samples were analyzed for WSC, and the results 
compared to 1971 results in much the same manner as previously discussed 
with the 1969 samples. Vegetative and reproductive stages of development 
data were available for both years, and so were included in comparisons 
between 1970 and 1971. 
Table 26 shows the mean WSC values of 1970 sançles, and of corres­
ponding 1971 samples, along with the mean DAE, V STAGE, and R STAGE of 
each sample mean. The data were averaged across variety and fertility 
treatment. The values were more in agreement between the two years than 
Table 25. High correlations between yield and WSC, 1969 and 1971 soybeans 
WSC 
TPa L P S P&B TL 
DAE^  1969 1971 1969 1971 1969 1971 1969 1971 1969 1971 1969 1971 
18 
c 
36 -.606 
48 - - — - - -
50 — — — — — 
57 — — — — — — 
64 — — — — — — 
73 - - --
80 — — — — — — 
86 — — — — 
88 — — .386 
94 .566 M — .630 -.469 
101 .374 .514 — — — — 
113 • — — — 
T^P is total plant for DAE = 18 or 36, or the total of remaining plant parts after P&B (and 
Top leaf) were separated for other dates. 
I^n 1969, variety Wayne was harvested at 59, 90, 97, 104, and 111 DAE, rather than at 48, 80, 
88, 94, and 101 DAE as sho\<m. 
D^ashes indicate correlation had P > Irl under the null hypothesis of >10%. 
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Table 26. Overall WSC means, 1970 and 1971 soybeans 
Per cent WSC 
Stage Tpa P&B 
DAE V R 1970 1971 1970 1971 
37 3.0 1.2 8.4 
45 4.0 3.9 7.7 
50 4.9 5.4 8.7 
53 4.9 5.3 9.9 
57 5.8 6.2 9.1 
59 6.1 5.8 9.4 
64 6.8 6.9 9.6 
67 6.9 6.5 9.3 
73 7.7 7.8 10.3 
73 8.2 6.8 7.4 
86 8.5 8.6 10.4 
87 9.3 7.6 8.6 
95 8.8 9.0 9.7 7.9 
101 9.2 9.1 11.0 9.3 
101 8.6 9.5 9.3 8.7 
114 8.4 10.6 4.8 10,2 
T^P is total plant for DAE = 87 or less, or the total of remaining 
plant parts after P & B were separated for DAE = 95 or more. 
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were the late TP samples of 1969 and 1971. Most noticeable differences 
between the two years occurred with the samples taken at 73 and at 101 DAE. 
At 73 DAE, the TP WSC was 3% WSC lower in 1970 than in 1971. Probably 
contributing to this differences were the differences in growing condi­
tions between the two years, which are suggested by the 1970 samples 
being more advanced vegetatively (1.0 more node developed) and less ad­
vanced reproductively (by one full reproductive stage). At 101 DAE, both 
TP and P & B WSC were higher in 1970 than in 1971, by 1.7 and 0.6% WSC, 
respectively. The difference in stage of development between the two 
years were not so great as at 73 DAE, although the differences were still 
in the same direction (more advanced vegetatively and less advanced 
reproductive ly in 1970). a^n seed yields of 2911 kg/ha in 1970 and 2812 
kg/ha in 1971 were not markedly different. 
Table 27 displays the same WSC means for each variety that were 
shown averaged across varieties on Table 26. As was noted with the 
1969 data, the varieties differed in WSC level, but consistently so, such 
that seasonal patterns and comparisons between years were essentially 
unchanged with any variety. Again, Amsoy tended to have the highest WSC 
content of the three varieties, and Wayne the lowest, except for the last 
1971 sampling date, when the higher TP WSC value for Wayne reflects the 
presence of leaves in the Wayne samples, and the absence of leaves in Hark 
and Amsoy. Pod and bean WSC values varied less between varieties in 1971 
than in 1970, or than did TP WSC in either year. Varieties differed only 
slightly in seed yield in either year, ranging from Hark's 2834 kg/ha to 
Wayne's 2948 kg/ha in 1970, and from Hark's 2721 kg/ha to Wayne's 2878 
kg/ha in 1971. 
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Table 27. Varietal mean WSC values, 1970 and 1971 soybeans 
Per cent WSC 
TP'* P&B 
1970 1971 1970 1971 
DAE Â5 p" HAWHAWHAW 
37 8.4 9.3 7.5 
45 7.2 8.5 7.4 
50 8.4 9.7 7.9 
53 10.2 9.9 10.0 
57 9.1 10.1 8.1 
59 9.2 10.0 9.5 
64 9.4 11.0 8.6 
67 9.6 10.0 8.8 
73 10.4 11.0 9.6 
73 7.8 8.1 6.9 
86 10.6 11.3 9.4 
87 9.6 8.8 8.2 
95 9.4 10.2 9.6 7.8 8.1 7.9 
101 10,3 12.3 10.8 8.8 10.2 9.1 
101 7.9 10.0 9.8 8.8 8.8 8.6 
114 3.6 3.5 7.5 9.9 10.4 10.3 
T^P is total plant for DAE = 87 or less, or the total of remaining 
plant parts after P&B were separated for DAE = 95 or more. 
V^ariety designations are H = Hark, A = Amsoy, and W = Wayne. 
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Table 28 shows the increases in stage of development and WSC asso­
ciated with the higher P fertility level, compared to the lower fertility 
level. Stages of development, both vegetative and reproductive, were not 
influenced greatly by P fertility in either year. Except for the increase 
of 0.5 units in V STAGE at 114 DAE in 1971, neither stage at any sampling 
date differed by more than 0.3 units between high and low P levels. It 
is noteworthy that all decreases in stage of development, although slight, 
occurred on or after 64 DAE in 1971 or 67 DAE in 1970, with all such 
changes earlier in the season being slight increases in stage of develop­
ment. 
Total plant WSC was lower at high P than at low P levels in every 
sampling date in both years. The decreases were generally slight, with 
the most consistent decreases occurring at 87 DAE in 1970 (1.1% WSC lower 
with high P), 95 DAE in 1971 (1.0% WSC lower), and 101 DAE in 1970 (1.4% 
WSC lower). The changes in P & B WSC were also very small, but interest­
ingly only one of the four values reflected a lower WSC content on high P 
than on low P. Seed yields were higher with high P in both years, by 214 
kg/ha in 1970 and 159 kg/ha in 1971. 
The same pattern of only minimal differences in stage of development 
and WSC values are shown on Table 29, which associates these changes with 
K fertility differences. All stage of development differences were 0.6 
V STAGE units or 0.3 R STAGE units or less. Considering both years to­
gether, all changes in V STAGE were zero or negative, while the only nega­
tive change in R STAGE was the first 1971 sample. Total plant WSC values 
did not differ greatly with different K levels in either, but six of the 
seven 1970 sampling dates were positive, while six of the nine 1971 
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Table 28. Increases in WSC and stage of development associated with P 
additions, 1970 and 1971 soybeans 
Per cent WSC 
Stage Tpa P&B 
DAE V R 1970 1971 1970 1971 
37 0.2 0.3 -1.4 
45 0.2 0.3 -0.3 
50 0.2 0.0 -0.3 
53 0.0 0.1 -1.1 
57 0.2 0.1 -0.6 
59 0.1 0.0 -0.1 
64 -0.2 0.0 -0.3 
67 -0.1 0.1 -0.3 
73 0.0 0.0 -1.3 
73 -0.1 0.3 -0.4 
86 0.0 -0.1 -0.1 
87 0.1 0.1 -1.1 
95 -0.1 -0.1 T-1.0 rO.3 
101 0.1 0.1 -1.4 0.2 
101 0.3 -0.1 -0.5 0.0 
114 0.5 0.0 -0.1 0.2 
T^P is total plant for DAE = 87 or less, or the total of remaining 
plant parts after P & B were separated for DAE = 95 or more. 
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Table 29. Increases in WSC and stage of development associated with K 
additions, 1970 and 1971 soybeans 
Per cent WSC 
Stage Tpa P&B 
DAE V R 1970 1971 1970 1971 
37 0.0 -0.3 -1.2 
45 0.0 0.3 0.1 
50 -0.1 0.0 0.1 
53 -0.2 0.0 0.9 
57 0.0 0.1 -1.0 
59 -0.4 0.0 0.2 
64 -0.1 0.1 -0.1 
67 -0.1 0.1 0.1 
73 -0.2 0.1 -0.6 
73 -0.3 0.1 0.1 
86 -0.2 0.0 0.5 
87 -0.6 0.1 -0.1 
95 -0.1 0.1 -0.4 
101 -0.5 0.0 1.0 
101 -0.3 0.2 0.6 
114 -0.3 0.0 -0.3 
T^P is total plant for DAE = 87 or less, or the total of remaining 
plant parts after P&B were separated for DAE = 95 or more. 
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sampling dates were negative- Three of the four P & B WSC values were 
negative, and all four were small. Seed yield increases with higher K 
fertility were greater in 1970 (306 kg/ha increase) than in 1971 (83 kg/ha 
increase). 
Simple linear correlations of yield with stage of development and WSC 
were determined for the 1970 and the 1971 data. The resulting correlation 
coefficients which were high enough that their calculated probability of 
occurrence if no true association existed was 10% or less are shown in 
Table 30. Vegetative stage was highly correlated with yield at all six 
sampling dates between 50 and 67 DAE, but at no earlier or later dates. 
The correlations were negative in 1970, and at 64 DAE in 1971, but posi­
tive at the two earlier 1971 dates. Yield was negatively correlated with 
R STAGE only at 86 and 101 DAE in 1971; the two factors were not highly 
correlated at any other sampling date. These two negative correlations 
agree with the varietal yields, when the earliest maturing Hark was lowest 
in seed yield and the latest maturing Wayne was highest in seed yield. 
Although five of the twenty WSC values were highly correlated with yield, 
there was no obvious pattern to which values at which part of the growing 
season were consistently associated with yield, besides the fact that 
four of the five were negative. 
Seed yield was highly positively correlated with P fertility in both 
years, and with K fertility level in 1970. 
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Table 30. High correlations of stage of development and WSC with yield, 
1970 and 1971 soybeans 
Stage of development WSC 
V R TPa P&B 
DAE 1970 1971 1970 1971 1970 1971 1970 1971 
37 — -.638 
50 .571 — — 
53 -.464 — — 
57 .482 — — 
59 -.342 — — 
64 -.578 -- — 
67 -.399 — -.334 
 ^2 — — — — —— 
73 — — — 
86 —- -.357 — 
87 — — -.335 
95 —— —— —— —.469 
101 — -.376 .514 
T^P is total plant for DAE = 87 or less, or the total of remaining plant 
parts after P&B were separated for DAE =95 or more. 
'^ Dashes indicate correlations had P > [rI under the null hypothesis 
of >10%. 
137 
F. Variabilities Among Times of Day and Day of Week in 1971 Soybeans 
On three separate weeks in early August to early September, 1971, 
additional soybean samples were taken from the backfurrow plots to inves­
tigate day-to-day variability in analytical values, and variability within 
a day. Also of interest was which analytical values were most subject to 
these variabilities, when handled as these samples were. 
The Time of Day study utilized samples taken at 9:00 A.M. (0900), 
11:00 A.M. (1100), 1:00 P.M. (1300), 3:00 P.M. (1500), and 5:00 P.M. 
(1700) on five separate days. Two of the days were in the same week in 
early August, utilizing Amsoy. Two were from Hark during a week in 
mid-August, and one was from Wayne in early September. All samples were 
within the approximate range of stages R8 to R9 (developing beans), and 
were handled and analyzed in the same manner as for other 1971 soybean 
samples. 
The resulting analytical values from this study, averaged over the 
five days, are displayed in Table 31. Most analytical values were highest 
in leaves, and lowest in stems; the exceptions to this trend will be 
pointed out in the following discussion on Table 32. Water-soluble-
carbohydrate tended to increase through the 1:00 P.M. sample in leaves 
and petioles, then hold fairly steady throughout the last two samples. 
Stems and pods each had similar WSC contents through the 3:00 P.M. sample, 
and were highest in the 5:00 P.M. sample. Whether these high 5:00 samples 
indicate a true increase in WSC late in the day, or simply an unusually 
high group of samples is questionable, since different plants were uti­
lized with each time of day. 
Table 31. Mean analytical values by plant part and time of day, Time of Day study, 1971 soybeans 
Analytical value (averaged over five days) 
Time % ppm 
Plant of Anions Major Cations Oxide"Formers Trace Cations 
part® day WSC N P S K Ca Mg Na Si A1 Fe Mn Zn Cu B 
0900 12.6 4.2 .29 .24 1.21 2.14 .53 .059 2.07 331 465 137 68 16 60 
1100 13.3 4.4 .29 .24 1.12 2.06 .54 .051 1.92 283 387 134 71 15 65 
1300 14.2 4.4 .28 .24 1.25 1.89 .55 .058 1.59 245 317 132 65 16 62 
1500 14.3 4.4 .29 .25 1.21 1.94 .58 .065 1.62 284 340 129 70 17 63 
1700 14.1 4.3 .27 .26 1.35 1.78 .49 .060 1.50 227 319 126 60 17 59 
0900 8.4 1.5 .16 .15 1.54 1.48 .55 .051 0.49 163 183 57 26 13 31 
1100 9.1 1.7 .16 .14 1.48 1.41 .57 .044 0.41 133 126 51 25 12 33 
1300 10.4 1.7 .15 .13 1.57 1.35 .54 .040 0.29 113 129 51 26 12 31 
1500 9.6 1.6 .14 .15 1.41 1.30 .56 .043 0.27 111 125 52 26 12 31 
1700 10.0 1.7 .16 .15 1.49 1.37 .58 .050 0.39 134 158 56 29 14 34 
0900 6.9 1.6 .12 .17 0.81 0.73 .47 .033 0.29 99 132. 30 13 12 19 
1100 6.6 1.6 .11 .18 0.83 0.70 .51 .044 0.22 85 106 36 15 14 22 
1300 7.2 1.7 .13 .18 0.93 0.80 .56 .035 0.25 105 120 38 19 13 26 
1500 6.9 1.6 .12 .19 0.85 0.78 .57 .046 0.21 88 117 38 16 14 23 
1700 7.4 1.6 .13 .18 0.87 0.76 .52 .034 0.24 97 128 33 19 14 22 
0900 7.8 3.2 .28 .17 1.96 0.84 .44 .041 0.78 130 194 51 37 15 36 
1100 7.5 3.2 .29 .19 2.02 0.85 .45 .046 0.67 106 169 53 38 16 36 
1300 7.9 2.5 .29 .14 1.74 0.85 .48 ,040 0.49 80 103 48 45 14 37 
1500 7.9 2.4 .27 .15 1.81 0.85 .47 .044 0.53 72 139 52 37 15 34 
1700 8.7 2.4 .30 .15 1.93 0.86 .45 .027 0.55 85 138 46 42 15 36 
P^lant part designations are L = leaves, P = petioles, S = stems, Pod = pods plus beans or 
pods alone. 
Table 32. Mean analytical values by plant part, Time of Day and Days of Week studies combined, 
1971 soybeans 
Analytical value 
% ppm 
Plant part* wsc 
Anions Ma lor Cations Oxide -Formers Trace Cations 
B N P S K Ca Mg Na SI A1 Fe Mn Zn Cu 
L 13.8 4.2 .28 .24 1.21 2.00 .54 .058 1.72 267 351 132 65 16 61 
P 9.4 1.6 .16 .14 1.53 1.37 .56 .047 0.35 124 139 53 26 13 32 
S 7.0 1.6 .13 .18 0.89 0.77 .52 .038 0.25 94 121 35 17 13 23. 
Pod 7.9 2.6 .28 .16 1.85 0.87 .47 .040 0.55 85 136 49 40 15 36 
*Plant part designations are L = leaves, P = petioles, S = stems. Pod = pods plus beans or 
pods alone. 
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The Anions, Major Cations, Trace Cations, and B generally showed 
little tendency to change markedly in concentration throughout the day 
in any plant part. Leaves were noted to decrease in Ca content throughout 
the day, and afternoon pod samples were lower in N than were morning pod 
samples. The Oxide-Formers, however, tended to decrease in concentrations 
throughout the day in all plant parts, except that the 5:00 P.M. sample 
was frequently higher than the 3:00 P.M. sample. The exception among 
the Oxide-Formers was Al, which remained unchanged in stems throughout 
the day. 
The values in Table 31 were averaged over the five times of day and 
included in the top half of Appendix S. The bottom half of Appendix S 
shows the corresponding mean analytical values for each plant part taken 
from the Days of Week study. The Days of Week study included the same 
1:00 P.M. samples from the Times of Day study, plus 1:00 P.M. samples from 
the remaining weekdays in the three weeks, to give samples taken at the 
same time on five consecutive days, in three different weeks. Since the 
upper and lower halves of Appendix S were in close agreement with each 
other, they were summarized into Table 32, from which relationships among 
analytical values in different plant parts can most readily be seen. 
Water-soluble-carbchydrate, Ca and Na of the Major Cations, Si and Fe of 
the Oxide-Formers, Mi and Zn of the Trace Cations, and B were all highest 
in leaves and lowest in stems. Nitrogen and Cu varied from that only in 
being as low in petioles as in stems, and P was as high in pods as in 
leaves. Sulfur was higher in stems than in pods, and lower yet in petioles. 
Leaf K content was lower than either petiole or pod contents, with the 
latter being the higher of the two. Magnesium varied least among plant 
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parts, but was slightly higher in petioles and lower in pods. Pod A1 
content was lower than stem A1 content. 
To obtain a quantitative measure of the variability of each analyti­
cal value among times or among days, standard split-plot analyses of 
variance were run for each analytical value in each study. The sources 
of variation and degrees of freedom used are shown in Table 33. 
Table 33. Sources of variation and degrees of freedom for analyses of 
variance of 1971 Times of Day and Days of Week soybean studies 
Times of day Days of week 
Source df Source df 
Replicate 4 Replicate 2 
Time 4 Day 4 
Error a 16 Error a 8 
Part 3 Part 3 
Time x Part 12 Day X Part 12 
Error b 60 Error b 30 
From the resulting 30 analyses of variance (one for each analytical 
value in each study; DW was excluded), the values shown in Table 34 were 
calculated. The means shown were simple average values over all samples 
in their respective studies. Differences in weight of each plant part 
were not taken into account, so their greatest value to Table 34 is as a 
point of reference for the,other statistics shown. 
The C.V. values shown were calculated as the square root of Error b 
mean square (the best estimate of the standard error S) divided by the 
overall mean. The meaning of these C.V. values is essentially the aver­
age variability of observations not accounted for by the model used for 
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Table 34. Analytical value means and coefficients of variation of 1971 
Times of Day and Days of Week soybean studies 
Anal, 
value 
Mean 
units 
Time of day study 
Mean C.V. C.V.(Time) 
Day of week study 
Mean C.V. C.V. (Day) 
WSC 9.5 13 23 9.4 14 15 
N 
P 
S 
% 
% 
7, 
2 . 6  
.21  
.18 
30 
21 
27 
15 
8 
14 
2.4 
.21  
.17 
37 
24 
27 
10 
21 
26 
K 
Ca 
Mg 
Na 
% 
7o 
% 
% 
1.4 
1 . 2  
.52 
.046 
19 
26 
14 
35 
11 
15 
16 
27 
1.4 
1.3 
.53 
.045 
19 
29 
17 
29 
62 
15 
32 
37 
Si 
A1 
Fe 
% 
ppm 
ppm 
.74 
149 
195 
33 
32 
28 
68 
58 
67 
.68 
132 
174 
33 
33 
18 
35 
25 
11 
Ml 
Zn 
Cu 
ppm 
ppm 
ppm 
68 
37 
14 
30 
29 
12 
8 
11 
12 
67 
37 
14 
30 
32 
20 
19 
19 
38 
B ppm 38 24 12 38 27 
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the analyses of variance, expressed as a percentage of the mean analytical 
value. 
The C.V. (Time) terms shown in Table 34 are analogous in structure 
to the C.V. terms, except that the numerator was the square root of the 
Time mean square. Instead of expressing the variability not accounted 
for by the model, as a percentage of the mean, they express the varia­
bility that was accounted for by the Time term in the model, on the same 
percentage basis. The C.V. (Time) is essentially the average deviation of 
mean values at a particular time from the overall mean, expressed as a per­
centage of the mean. An analogous interpretation applies to the C.V. (Day) 
terms, where the Day component was substituted for the Time term. 
Standard F tests of the Time and Day components were not presented 
due to the confounding influence of Replicate x Time and Replicate x Day 
interactions, and the fact that to most agronomists an F statistic of any 
given magnitude has less meaning descriptive of the data than do C.V., 
C.V. (Time), or C.V. (Day) statistics. 
The column labeled C.V. shows that the model utilized in the Time of 
Day study accounted for a larger percentage of the variability for Cu, WSC, 
and Mg than for the other analytical values. Among the analytical values 
for which the model did the poorest job of accounting for variability were 
Na, Si, Al, N, and Mn. The remaining seven analytical values were in be­
tween the two above groups, but generally close to the latter group. 
The same three analytical values for which the Times of Day model 
removed the most variability in its study were among the five analytical 
values for which the Days of Week model accounted for the most variability 
in its study. The other two analytical values for which the Days of Week 
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fit best were K and Fe. The three analytical values for which the Days 
of Week model accounted for the least variability (N, Si, Al) were among 
the five analytical values for which the Times of Day study fit poorest. 
As might be expected, the plant part term in each model usually 
accounted for a high percentage of the variability present, so the good­
ness of fit of the model gave little insight into how useful inclusion of 
the Time or Day term was in its appropriate model. As a measure of the 
contribution of this term to the model (or how great was the variability 
between times or days), the columns labeled C.V. (Time) and C.V. (Day) 
were included in Table 34. They are analogous in structure to the C.V. 
terms, but instead of using variability not accounted for by the model 
in the numerator, variability accounted for by Time or Day was used. 
Recall that the percentages themselves are not as valid as their relative 
order among the 15 analytical values. The Oxide-Formers appeared to be 
obviously the three analytical values which varied most among times of 
day, and this had already been suggested in the discussion of Table 31. 
Sodium and WSC appeared to vary most among times of the remaining analyti­
cal values, while P and Mn appeared to vary least. The difference in 
variability among times between the Oxide-Formers and the remaining 12 
analytical values appeared to be greater than between any two of the 
remaining 12. 
Potassium, which was relatively consistent in content among tiwes of 
the day, was easily the most variable of the analytical values among days 
of the week. Two more Major Cations - Ifeand Mg - were among the next 
most variable analytical values among days of the week, along with Cu and 
Si. Boron, N, and Fe appeared to vary least among days. 
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V. SUMMARY 
This study was undertaken to investigate four topic areas which were 
felt would make useful contributions to the body of knowledge available 
to soil fertility researchers. The four topic areas were; 
1. The water-soluble-carbohydrate (WSC) level of soybean plant 
parts at various stages of development. 
2. The nutrient content of soybean plant parts at various stages 
of development. 
3. The number of days between specific stages of soybean develop­
ment. 
4. The influence of P and K fertility on the above three areas, and 
on yield, and the association between them. 
A fifth objective was also added as a result of the first two years' 
results, namely an investigation of variability in the WSC and nutrient 
contents in soybean plant parts among times of the day and among days of 
the same week. 
The first objective can best be fulfilled by Table 35, showing the 
1971 mean WSC contents of each plant part at each sampling date. The 
three varieties were not averaged for this table, since the later-
maturing variety, Wayne, was at a later stage of reproductive development 
on any given date than were the other two varieties, especially late in 
the growing season. Furthermore, listing the varieties separately helps 
point out the differences between varieties in WSC levels, such as in 
late season leaves. 
Especially in leaves, but also in petioles and stems, Amsoy tended 
Table 35. 1971 soybean water-soluble-carbohydrate means 
Plant Days after emergence 
part Variety^ 37 51 57 64 73 86 94 101 114 123 
Leaves H 10.4 11.3 11.7 11.9 14.0 14.2 14.7 16.8 
A 11.6 12.9 13.2 14.8 14.9 15.4 14.4 17.0 
W 10.2 10.6 10.3 11.1 12.7 12.1 12.3 13.3 14.5 
Petioles H 6.8 7.6 8.4 8.8 9.8 11.6 7.5 6.8 4.4 
A 7.1 8.6 8.8 9.6 9.7 10.9 9.0 8.2 4.6 
W 6.4 7.1 7.4 8.3 8.8 9.6 9.2 10.0 6.6 
Stems H 4.8 5.4 6.4 6.7 6.8 9.4 6.2 5.2 3.2 
A 5.1 6.4 7.4 7.5 7.8 9.5 7.5 6.2 3.0 
W 4.5 4.9 5.6 5.7 6.2 6.9 7.2 7.1 5.2 
Pods+Beans H 9.7 8.4 7.8 
A 9.3 9.1 8.1 
W 8.5 8.5 7.9 
Pods H 5.8 5.8 
A 6.7 5.7 
W 8.1 7.3 
Beans H 11.4 11.3 
A 11.1 12.1 
W 10.4 11.5 
^Variety designations are H = Hark, A = Amsoy, and W = Wayne. 
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to have the highest WSC level, and Wayne the lowest. The data for pods 
and/or beans are limited and variable enough to make it difficult to ex­
tend this varietal generalization to those plant parts also. Leaves 
generally increased in WSC content throughout the season from 10.2 to 
11.6% at 37 days after emergence (DAE) to 14.5 to 17.0% when the leaves 
were turning yellow with maturity. Petioles and stems also tended to 
increase in WSC through the season until about 30 days before maturity. 
Up until that time petiole and stem WSC was typically approximately 4% 
and 67o WSC, respectively, lower than in leaves. During the last 30 days 
of the season, WSC levels in these two parts dropped to less than half of 
their previously highest levels. 
Pods and beans combined, during the 20-30 days that pods were present 
but the beans were not well enough developed to be readily separated, had 
the same general WSC levels that petioles did at the same dates, namely 
8 to 10% WSC. All varieties decreased in pod plus bean WSC content during 
this period of time. After beans were large enough to be readily separated 
from pods so that the two plant parts could be analyzed separately, WSC 
appeared to increase as they neared maturity. Pod WSC levels, which were 
5.8 to 8.1% WSC, appeared to be highest in Wayne, as did bean levels, 
which were 5 to 6% WSC higher than the pod levels. 
It was both a little surprising and encouraging to find WSC levels 
so high and apparently able to vary between plants so widely that changes 
in total WSC could be expressed in hundreds of kg/ha. Conceptually at 
least, it is more encouraging to attempt to relate large yield differ­
ences of several hundred kg/ha to a plant component that also can be 
expressed in so large of quantities, rather than a component whose concen­
149 
trations and differences are best expressed in smaller units like parts 
per million (ppm). 
The most complete summary to fulfill the second objective of deter­
mining nutrient concentrations of soybean plant parts at various stages 
of development was Table 14, for which the varieties Hark and Amsoy were 
combined. Included in Table 14 with the 12 essential nutrients deter­
mined were two elements (Si end Al) which are as yet classed as non­
essential, WSC, dry weight of the sample component (DW), and of total 
plants in five feet of row (DW5FT), and three terms descriptive of when 
the sample was taken - days after emergence (DAE), vegetative stage of 
development (V STAGE), and reproductive stage of development (R STAGE). 
The Anions N, P, and S in general decreased in concentration during 
the final 30 days of the season in leaves and petioles, but steadily 
throughout the season in stems. Of the three, S decreased less or 
started decreasing later than the other two. Changes in Anion concentra­
tion in pods and/or beans were not great over the limited time span they 
were sampled. Anion levels were usually highest in beans, and second 
highest in leaves. Pods plus beans had the next highest levels, petioles 
and stems had similar levels, and pods alone had the lowest Anion concen­
trations . 
The Major Cation group of K, Ca, Mg, and Na was more variable as a 
group than was the Anion group. Except that Na levels were similar in 
all plant parts, the other three members of this group were lowest in 
beans, and next lowest in pods plus beans. Petioles were higher than 
stems, which were higher than leaves in K content, and pod levels were 
similar to bean levels. Calcium was higher in leaves and petioles than 
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in pods, with stem levels of Ca similar to pods plus bean levels. Leaf 
Mg levels were similar to pods plus bean levels, but petiole, stem, and 
pod levels were all higher. The Major Cations were also variable in their 
changes in concentration throughout the season. Magnesium remained 
essentially unchanged throughout the season in all plant parts, as did Na, 
except that Na was higher in the second pods or beans samples than in the 
first. Calcium was also relatively steady throughout the season in petioles 
and in stems, had a tendency to decrease with time in pods plus beans com­
bined but increase in either part alone, and increased sharply during the 
final 30 days of the season in leaves. Except that K was higher in the 
second bean sample than in the first, all other changes in K contents 
decreased with time. Potassium level decreased during the final 20 days 
of the season in leaves, the final 30 days in petioles, and throughout 
the season in stems, pods plus beans, and pods alone. 
The group of Oxide-Formers (Si, Al, and Fe) was the most variable 
group in terms of changes in concentration from one sample to the next, 
but also the most highly correlated within the group. As an example, the 
highest level of each of the three elements in each of leaves, petioles, 
or stems was on the second sampling date, except that petioles Si was 
0.02% Si higher one week later. The Oxide-Formers were highest during 
the first 20 days samples (37 to 57 DAE) in leaves, petioles, and stems, 
and decreased steadily thereafter in petioles and stems. They similarly 
decreased steadily in pods plus beans, but increased later in pods alone. 
Although Fe increased also in beans, the behavior of Si and Al in beans 
was not determined, since every beans alone sample taken had concentra­
tions below the lowest limit of detection of 0.20% Si and 10 ppm Al. 
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Except that Fe was higher in beans than in pods, all of this group were 
more concentrated in pods plus beans than in pods alone, and lower yet in 
beans. Stem concentrations were similar to pods plus beans levels, petiole 
levels were higher, and leaf levels of this group were highest of all the 
plant parts. 
The Trace Cation group of Ma, Zn, and Cu was more concentrated in 
leaves than in petioles, and less concentrated yet in stems, except that 
Cu was higher in stems than petioles. Pods, alone or with beans, had 
similar Mn levels to petioles, with beans having the lowest Mn concentra­
tion of all plant parts. Zinc levels in beans, alone or with pods, were 
intermediate between leaf and petiole levels, while pod concentrations 
of Zn resembled stem concentrations. Copper was higher in pods than in 
stems, but the pod levels were lower than beans, alone or with pods, 
levels, which were both similar to leaf contents. Manganese increased, 
Zn did not change, and Cu decreased throughout the season in leaves, but 
in petioles and stems, Zn and Cu decreased while Mn remained unchanged. 
All three nutrients decreased with time in pods plus beans, and remained 
unchanged in pods alone or beans alone, except that Zn decreased in 
beans. 
Boron, the remaining element included in Table 14, increased with 
time in leaves and beans, but remained essentially unchanged in concen­
tration throughout the season in other plant parts. The order of highest 
to lowest B levels by plant parts was leaves, pods plus beans, petioles, 
and stems, with pod levels similar to pods plus beans, and bean levels 
similar to those of petioles. 
To the extent that the data in Table 14 are representative of soybeans 
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in general, these data should be quite useful in helping researchers 
relate research reports to each other, especially when the samples re­
ported involve different plant parts and stages of development. Having 
so many elements included from the same samples should also make Table 14 
a useful first step to obtaining a basic set of values to which researchers 
can refer to put their own results in some sort of perspective. 
The third purpose of this study, involving a description of the num­
ber of days involved between specific stages of development, is fulfilled 
most comprehensively with Table 36. All varieties and treatments in 1970 
and 1971 were averaged into these figures, with the varieties representing 
a range in maturities similar to the range commonly found in Central Iowa. 
Besides the number of days after emergence that each developmental stage 
was observed, and the number of days between successive stages, the table 
includes in the last six columns the number of days between non-successive 
developmental stages. While values such as displayed in Table 35 would be 
expected to vary with varieties, years, and environments, there was no 
particular reason to believe these values are not reasonably representa­
tive of what might be expected in Central Iowa. 
The soybeans started flowering 40 days after emergence (DAE), and 
pods were detected in the upper five nodes 18 days later. A period of 
27 days was needed before beans were discernible in the pods of the top 
five nodes, partially because by stage R8 almost 6 new nodes had developed 
since pods were first noticed at stage R6. Within the next 11 days, or 
by 96 DAE, the beans in the top five nodes were estimated to be full 
sized. Fifty per cent of the leaves had turned yellow by 112 DAE, at 
which stage (RIO) the seeds were considered physiologically mature. 
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Table 36. 1970-71 overall soybean stage of development means 
Days after: 
Stage Emer­
gence 
Prev. 
stage 
Stage 
V R R4 R5 R6 R7 R8 R9 
0.5 16 
1 21 5 
2 29 8 
3 38 9 
3.3 4 40 2 
4.2 5 47 7 7 
5.7 6 58 11 18 11 
7.3 7 71 13 31 24 13 
8.6 8 85 14 45 38 27 14 
9.1 9 96 11 56 49 38 25 11 
9.1 10 112 16 72 65 54 41 27 16 
8.9 11 122 10 82 75 64 51 37 26 
meaning they would not be expected to increase anymore in dry weight. 
Stage Rll, often called harvest maturity, is usually 10 days or so before 
the seeds are dry enough to combine successfully, but is the last stage 
of development which can be determined visually with any accuracy. The 
criterion for stage Rll is that 95% of the pods have turned brown. 
Coupling this 10 days with the 10 days between stages RIO and Rll, 
approximately 20 days are needed for beans to dry down from physiological 
maturity to a moisture content at which they can be successfully combined. 
A total of 72 days passed from first flower to physiological 
maturity, of which pods were present for 54 days. It is interesting to 
note that although nearly 58 days after emergence were needed to produce 
the first pods, in the next 27 days new nodes emerged, flowered, and 
developed pods with seeds obvious inside the pods. Another interesting 
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aspect of seed development, not shown in the data but observed while 
handling pod and bean samples, is that although pods on the lower nodes 
of the plant may be 30 days or more older than pods at the top of the 
plant, very little bean filling occurs in the lower pods until vegetative 
growth has ceased and the seeds in the top pods begin to fill. This 
implies that not only the top seeds, but all the seeds have essentially 
only 27 days to mature from the stage when they are barely noticeable in 
the pod to physiological maturity. The lower seeds may appear to begin 
filling sooner than the top seeds, but this apparent filling must be 
mostly water, because oven-dry seeds at stages R8 through R9 are essen­
tially all the same size for the entire height of the plant. 
These stage of development data represent another step in the des­
cription of how a soybean plant develops, the understanding of which should 
aid soybean researchers, since the better understood a research crop is, 
the more successfully a researcher should be able to utilize that plant 
community. 
The fourth objective of this study had two parts, the first of which 
was how yield and the three topic areas just discussed were influenced by 
P and K fertility- Seed yield was increased by P and K, singly or in 
combination, in all three years of the study by from 60 to 216 kg/ha. 
The only yield increases which were less than 159 kg/ha were the 1969 
and 1971 responses to K of 60 and 87 kg/ha, respectively. 
Table 37 displays the mean response of WSC to the higher level of 
P or K fertility, by plant part and sampling date, along with the corres­
ponding responses of those analytical values which responded most markedly 
and consistently to the two fertilizer nutrients (were highly correlated 
Table 37. Response of selected analytical values to P or K fertility levels in 1971 soybeans 
Response Anal. Plant Days after emergence 
to: value Units part 37 51 57 64 73 86 94 101 114a 123b 
SOIL P WSC 7o Leaves -0.7 -0.5 -1.5 -0.7 -2.4 0 0 -1.1 -1.8 
Petioles -0.3 -0.4 -0.7 0.1 -0.9 -0.8 -0.7 -1.5 0.5 
0
 1 
Stems -0.3 -0.3 0.2 -0.3 0.1 -0.4 -0.5 0 0.6 0.7 
P % Leaves .01 .03 .05 .03 .04 .02 .05 .05 . 06 
Petioles .05 .04 .06 .03 .04 .03 .05 .02 .03 0 
Stems .05 .02 .04 .03 .03 .03 .05 .01 .01 0 
Cu ppm Leaves -3 2 -2 -1 -1 -3 0 -2 1 
Petioles -2 1 1 -4 -2 -1 -2 -4 1 1 
Stems -1 -3 -1 -1 -1 0 -1 -3 -2 -3 
^Leaves are Wayne only. 
^Wayne only. 
Table 37. (Continued) 
Response Anal. Plant Days after emergence 
to : value Units part 37 51 57 64 73 86 94 101 114& 123^ 
SOIL K WSC % Leaves -0.4 1.1 -1.2 1.4 0.2 1.3 1.4 1.4 1.1 
Petioles -0.8 -0.8 -2.0 -1.5 -1.4 0.4 -0.9 -0.8 -0.8 -0.3 
Stems -0.5 -0.2 -0.8 -0.5 -0.7 0.7 -0.5 0.5 -0,7 -0.6 
N 7o Leaves -0.5 0 0.1 -0.2 0.1 -0.1 0.1 -0.4 0 
Petioles -0.1 -0.1 -0.1 -0.1 0.2 -0.1 0.1 -0.2 -0.1 0.1 
Stems 0.3 -0.2 0.1 -0.2 0.1 -0.1 0 0.1 -0.1 0.2 
P % Leaves -.05 -.05 -.04 -.05 -.03 -.03 -.04 -.04 -.05 
Petioles -.05 -.02 -.02 -.04 -.02 -.03 0 -.02 -.01 -.02 
Stems -.04 0 -.01 -.02 -.01 -.02 0 -.02 0 -.02 
Table 37. (Continued) 
Response Anal. Plant Days after emergence 
to; value Units part 37 51 57 64 73 86 94 101 114& 123^ 
SOIL K K 7o Leaves 0.15 0.49 0.60 0.41 0.59 0.78 0.72 0.61 1.09 
Petioles 1.13 1.39 1.35 1.20 1.22 1.28 1.18 1.03 1.12 0.67 
Stems 0.95 0.82 0.92 0.84 0.82 0.72 0.66 0.51 0.59 0.53 
Ca % Leaves .07 -.29 -.15 -.26 -.13 -.33 -.68 -.56 -.63 
Petioles -.29 -.02 -.09 -.10 -.06 -.01 -.05 .09 .22 -.17 
Stems -.13 .01 -.01 .03 .06 .10 .07 .06 .11 .08 
Mg 7„ Leaves -.21 -.23 -.11 -.20 -.20 -.20 -.31 -.29 -.38 
Petioles -.30 -.16 -.22 -.26 -.23 -.23 -.30 -.02 -.16 -.25 
Stems -.18 -.06 -.07 -.16 -.09 -.08 -.11 -.10 -.07 -.15 
Table 37. (Continued) 
Response Anal. 
to: value Units 
Plant part and days after emergence 
Pods plus Beans 
73 86 94 101 
Pods 
114 123a 101 
Beans 
114 123a 
SOIL P WSC 
P 
Cu 
7o 
7„ 
ppm 
.0.9 
- . 0 2  
2 
1.0 -0.4 
.01 .06 
- 1  - 1  
0 
.03 
- 1  
0 . 1  
.01 
- 1  
-0 .6  
- . 01  
-3 
- 0 . 2  
.03 
- 2  
- 0 . 2  
.06 
-3 
0 
.09 
- 1  
SOIL K WSC 
N 
P 
% 
% 
7o 
•0.5 
- 0 . 1  
.06 -.02 
-0.2 -0.5 
-0.2 0.3 
.01 
- 0 . 1  
-0.3 
- .02 
-0.3 
-0 .1  
0 
0 
-0.3 
- .01 
0 . 6  
0 
- .01  
- 0 . 8  
-0 .2  
0 
- 0 . 1  
- 0 . 5  
- . 1 1  
K 
Ca 
Mg 
7o 
% 
% 
.43 
- . 1 0  
-.09 -.05 
.42 .18 
.07 -.07 
-.09 
.56 
- . 02  
-.09 
.38 
.10 
-.05 
.98 
.17 
- . 0 1  
-.04 
-.08 
- . 0 1  
.04 
.03 
0 
-.04 
-.05 
-.03 
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with SOIL P or SOIL K most often and consistently). Water-soluble-carbo-
hydrate was usually lower at the higher P or K levels in all plant parts, 
except that leaf WSC was increased by SOIL K. Leaf WSC responses of 
over 1% WSC were noted for both P and K comparisons. Petioles and stem 
responses in WSC were greater to K than to P, and were only slightly less 
than the responses observed on leaves. Pod and/or bean WSC responses 
were less consistent to both ? and K (especially P) than were other plant 
part responses. 
In 1969 and 1970, WSC concentrations of total plant, or of the 
limited plant parts, were decreased a few tenths of a percent WSC, much 
as they were in 1971. Levels of WSC were decreased somewhat by higher 
SOIL K in 1969, but increased slightly in 1970. Since most of the 1969 
and 1970 samples did not separate leaves from petioles and stems, perhaps 
the different SOIL K response in 1970 is a reflection of a relatively 
greater influence of leaves (which responded positively to SOIL K in 1971) 
than of petioles and stems in that year. 
The two analytical values which changed most noticeably with the 
higher SOIL P level in 1971 were P and Cu concentrations in the plant. 
Every plant part mean at every date had higher P concentrations at the 
higher SOIL P level, except four means involving pods, and three of those 
four decreases were only 0.01% P. Pods and/or beans were the more 
variable' plant parts in P response, since they also had six of the seven 
highest responses (.07% P or more). Responses in P level to SOIL P in 
leaves, petioles, and stems were typically .03 to .06% P and similar in 
all plant parts, although leaf responses tended to be greater late in the 
season, just as petiole responses tended to be greater early in the season. 
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Copper was generally decreased 1 to 3 ppm by the higher SOIL P level 
in all plant parts. Leaf and petiole responses were more variable than 
were other plant parts, as they included both most of the increases in Cu 
(of 1 or 2 ppm Cu) as well as more than their share of the high negative 
responses. Shown in Appendices P and Q but averaged over in Table 37 was 
the fact that Wayne tended to change Cu levels less consistently than Hark 
and Amsoy in response to SOIL P levels. 
Potassium and magnesium were the two analytical values which respond­
ed most markedly to SOIL K levels, and their responses are also displayed 
in Table 37. Except for two bean means which had lower K contents at the 
higher SOIL K level, every plant part mean at every sampling date was 
higher in K and lower in Mg at the high SOIL K level than at the lower 
level. Excluding beans, 33 of the remaining 35 K responses exceeded 0.4% 
K, while only 3 of the 17 leaf and petiole Mg responses were less than 
0.2% Mg. These two plant parts, leaves and petioles, were the most 
responsive plant parts to SOIL K in both K and Mg concentrations, with 
petiole K responses being in excess of 1.0% K at all sampling dates except 
123 DAE. Beans responded least of the plant parts in both K and Mg 
contents. 
Three other analytical values whose responses to SOIL K are displayed 
in Table 37 are N, P, and Ca contents. Nitrogen responses were minimal 
in relation to their mean contents (31 of 38 responses were 0.2% N or 
less), and were even positive in 13 of the 38 cases. The only pattern 
displayed by the responses was a lower N content at the higher SOIL K 
level in pods and in beans. The mean N responses were nevertheless 
included in Table 37 because on several sampling dates, N content within 
161 
a plant part and variety group was highly negatively correlated with 
SOIL K, 
Phosphorus response to SOIL K was consistently negative, except that 
two of the three pods and beans samples exhibited positive responses. All 
changes in leaf P were -.03 to -.05% P, petioles responses were only 
slightly lower, and all other plant parts responded less markedly than 
either leaves or petioles. Petiole responses tended to be less late in 
the season than earlier. 
Calcium response to SOIL K differed between plant parts. Leaves, 
petioles, and beans were usually lower in Ca content at the higher SOIL K 
level, while stem and pod contents were higher. Response in Ca composi­
tion was greatest in leaves, and increased later in the season when the 
actual concentration was increasing, with the responses in leaf Ca at 94 
to 114 DAE being between -.56 and -.68% Ca. 
The remaining analytical values were less consistently associated 
with level or P or K fertility. In general, the Anions, Major Cations, 
other two Trace Cations (Mn and Zn), and B tended to increase with SOIL P 
level, while the Oxide-Formers were more likely to decrease. The Anions, 
Mn, B, and the Major Cations exclusive of K tended to decrease as K 
fertility level was raised, while the remaining analytical values respond­
ed less consistently. 
Neither SOIL P nor SOIL K had much influence on stages of develop­
ment in either 1970 or 1971. The differences in days between stages among 
the four fertility treatments were more than 2 days in only 3 cases, and 
those involved a prolonging of the time for development from early repro­
ductive growth (stages R4 and R5) all the way to maturity (stages RIO and 
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Rll)J with plants on high P and K plots taking three or four more days 
than plants on high K alone plots. Although differences were small, high 
P alone tended to increase vegetative growth at any reproductive stage, 
while K alone tended to decrease it. Reproductive stage of development 
was unaffected by either SOIL P or SOIL K in either year. 
The degree of associations among the values so far discussed, and 
with yield, were also investigated to complete the fourth objective of 
this study. Water-soluble-carbohydrates were positively correlated with 
the Anions and Trace Cations when all plant parts were considered. Most 
of this association was related to between plant part differences, since 
within plant parts, WSC was seldom highly associated with any group but 
Anions, with which WSC was negatively related in leaves and positively 
related in pods. Yield did not appear to be very closely related to WSC 
levels, or to any of the other analytical values. The most consistent 
general associations between yield and analytical values were negative 
associations with the Oxide-Formers late in the season, and with the 
Trace Cations early in the season. 
Within groups of analytical values, the Oxide-Formers were most often 
highly correlated with each other, either across or within all plant parts 
except within beans. No consistent relations between or within groups 
existed in beans. Members of the Anions and Trace Cations groups also 
tended to be highly related within their group, both across and within 
plant parts, except the Trace Cations were poorly correlated with each 
other in leaves. The Major Cations did not appear consistently related 
to each other, and as a group were most often related with the Trace 
Cations, in a positive relationship. In addition, K was positively 
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correlated with the Anions in petioles and stems, while Ca and Mg were 
negatively related to the Anions in pods. 
The Anions were most consistently associated with the Trace Cations 
Zn and Cu (but seldom Mh), being positively correlated across or within 
all plant parts except leaves and beans. The other group that Trace 
Cations were frequently associated with was the Oxide-Formers, and they 
tended to increase or decrease in the same direction consistently in all 
plant parts except beans. The only other consistent association involving 
the Oxide-Formers was a positive correlation with B, but only when all 
plant parts together, or pods, were considered. Boron was not consistent­
ly related to any other analytical value. 
Stage of development values provided a very narrow range of values 
from which to investigate degree of association with each other or with 
yield. Consequently, generalizations of their associations must be 
accepted with some caution. Yield did not appear very highly correlated 
with days to or between specific stages in either year, except to reflect 
that the longer the total growing season, especially the number of days 
of reproductive growth, the higher the yield. Within the period of 
reproductive growth (stages R4 to RIO or Rll), the length of time that 
flowers were present had perhaps the strongest positive association with 
yield. Within the narrow range of vegetative stages at specific dates 
available, yields were positively associated with vegetative stage of 
development, especially during pod and bean development (stages R6 through 
R8). This suggests that additional vegetative growth may be more of an 
asset to seed yields (presumably by having more food-producing tissue) 
than a detriment to yield by providing competition to the seeds for 
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utilization of available water, nutrients, and energy. 
The additional objective added to this study was to compare the 
analytical values for variability within and between days. The most 
variable analytical values within a day were obviously the Oxide-Formers, 
all of which decreased in concentration throughout the day, especially 
in the leaves and pods plus beans components. The other analytical values 
were somewhat similar in their content changes throughout the day, and 
basically tended to change only minimally, usually in a decreasing 
direction. The most obvious exception was the marked increase in leaf 
WSC, at least up until early afternoon. The most stable levels throughout 
the day were P and fin levels. 
Potassium varied most among the analytical values from day to day, 
in a random manner. The changes were more marked in leaves and petioles 
than in stems or pods plus beans. The next most variable analytical 
values from day to day were Mg, Na, Si, and Cu, while the least variable 
was B, followed by N and Fe. 
These results suggest that accounting for time of the day that a 
sample was taken would be most useful when investigating the Oxide-
Formers (Si, Al, and Fe) or WSC, and least useful for P and Mn investiga­
tions. They also imply that sampling soybeans on two successive days 
(such as on two successive afternoons) rather than on the same day (such 
as morning and afternoon of the same day) would be likely to confuse 
results of K investigations, and to a lesser degree Mg, Na, Si, or Cu 
studies. Boron, N, and Fe would be least influenced by which sampling 
time schedule was utilized. 
In terms of soybean nutrient concentrations, the literature to date 
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has had surprisingly little information of what levels are found in which 
plant parts at different times during the season, or at different stages 
of development. The notable exceptions have been the five nutrients N, 
P, Kj Ca, and Mg, or to some extent compositions of the top mature leaf 
at or near flowering time. It is anticipated that the results of this 
study will help fill in some of those voids in our knowledge of the soy­
bean and its nutrition. Even more surprising was how little information 
was available in the literature on water-soluble-carbohydrate (WSC) levels 
in soybean plants, particularly since WSC or a related group of organic 
energy sources has long been discussed as being integrally involved with 
yield levels actually achieved. The results of this study regarding WSC 
levels in soybean plant parts at specific stages of development throughout 
the growing season should assist soybean researchers to more meaningfully 
speculate and formulate hypotheses about the role of this class of com­
pounds in soybean nutrition and yield determination. 
The descriptions of when and for how long soybeans are at specific 
stages of development will not be new to many veteran soybean researchers, 
but having this information in writing should help pass this information 
on to others, such as students and researchers who have not worked with 
soybeans extensively. Being able to investigate the relationships between 
yield and how long soybeans were in specific stages of development was 
also a useful contribution to understanding soybean seed growth, since 
these relationships have often been speculated upon without arriving at 
concensus opinions. 
The influence of P and K fertility on all of these factors was of 
course the basic reason for this study. Although many of the factors 
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investigated were not influenced markedly or consistently by P or K ferti­
lity differences, the study of which of these facets of soybean growth 
and nutrition were influenced most can help soybean researchers sort out 
some areas for future research which would be more promising than others. 
Hopefully, the results of this study will motivate some new thinking 
and ultimate progress in understanding what controls and influences the 
productive capacity or level of this crop which is so important to our 
nation's agricultural economy. Before further publication of the results 
reported herein, it is anticipated that similar research carried out by 
the author in other environments will be incorporated into the results 
reported here. Although the original data on which this thesis was based 
were not included in the thesis because of its volume, they will be made 
available to those who desire them, along with the corresponding data 
from other environments not reported herein. Interested persons should 
contact Dr. John J. Hanway, Professor of Soil Fertility, Agronomy Depart­
ment, Iowa State University, Ames, Iowa 50010, who supervised this 
research. It is recognized that the number of questions which could be 
looked at with this data have not nearly been exhausted, and some of 
them could be followed up on with this data rather than with a new 
research effort. 
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VIII. APPENDIX A: SOYBEAN NUTRIENT UPTAKE ON WEBSTER SOIL (Hammond, 57) 
Total 
uptake 
Nutrient (lbs/A) 
Maximum accumulation 
Rate 
(lbs/day) 
Days after 
emergence 
Total 
plant 
gain 
(lbs) 
87-135 days 
after emergence 
Pods & 
seed 
gains 
lbs 
Trans­
located 
lbs 
Distribution of 
nutrient in mature plant 
Roots 
Si stems Leaves pods seed 
% 7o % % 
N 184 4.4 94-101 48 121 73 4 12 4 80 
P 17 0,35 80-87 4.6 11.4 6.8 4 10 4 83 
K 56 1.7 87-94 24 46 22 5 6 17 72 
Ca 105 2.8 73-80 - - - - 9 77 8 6 
Mg 66 1.5 73-80 — — — — 15 66 9 11 
^Essentially no Ca or Mg translocated to pods and seed above uptake. 
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IX. APPENDIX B: SOYBEAN NUTRIENT CONCENTRATIONS 
ON WEBSTER SOIL (Hammond, 57) 
Percentage of dry weight 
Nutrient 
Seeds date 13 
to date 17 
Pods date 13 
to date 17 
Seeds and pods 
date 9 to date 17 
Total plant less 
seeds, pods, and 
leaf fall date 9 
to date 17 
Total plant less 
leaf fall date 1 
to date 17 
N 6.25-6.30 2.45-0.88 4.66-4.91 2.56-0.46 4.60-2.65^-3.37 
P 0.55-0.60 0.22-0.08 0.51-0.47 0.23-0.04 0.28-0.32 
K 1.60-1.72 1.51-1.22 2.09-1.59 0.70-0.16 1.60-0.75^-1.10 
Ga 0.32-0.26 1.02-1.08 1.00-0.47 1.53-0.58 1.96-0.51 
Mg 0.25-0.30 0.62-0.72 0.59-0.41 0.90-0.60 0.81-0.47 
^Sample date 8. 
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X. APPENDIX C: SOYBEAN ELEMENT COMPOSITION VALUES FROM OHIO PLANT 
ANALYSIS LABORATORY (Jones, 83) 
Sufficiency guidelines^ By plant parts'^ 3^965 averages 
Element Unit def.2 low^ suff .2 hlgh^ UL LL US LS X X + S 
N % 4.0  4 .5  5 .5  7 .0  — — - - - — — — 4,62 3 .79-5 .45 
P 7o 0.15 0 .25 0 .50 0 .80 0 .32 0 .26 0 .21 0 .19 0 .35 0 .27-0 .43 
K 7o 1.25 1 .70 2 .50 2 .75 1 .96 1 .46 2 ,33 1 .96 1 ,94 1 .44-2 .44 
Ca 7o 0 .20 0 .35 2 .00 3 .00 1 .83 2 .86 1 .50 1 .31 1 ,84 1 .12-1 .84 
Mg % 0.10 0 .25 1 .00 1 .50 0 .47 0 .65 0 .47 0 .45 0 .51 0 .39-0 .63 
Mn ppm 14 20 100 250 188 296 57 51 46 17-25 
Fe ppm 30 50 350 500 277 778 141 206 211 119-303 
B ppm 10 20 55 80 48 39 31 22 51 33-69 
Cu ppm 4  9 30 50 13 7  14 7 14 3-20 
Zn ppm 10 20 50 75 25 16 42 38 44 34-54 
Mo ppm 0 .4  0 .9  5 .0  10.0  2 .9  3 .6  2 .6  2 . 1  2 . 1  0 .5-3 .7  
A1 ppm 200 400 — " - -- - - — 
^Based on top fully developed leaf at full bloom stage of development. 
2 Upper limit of range of values in this category. 
3 Upper limit of range of values considered high, and lower limit of range of values considered 
excessive. 
^Mean or expected concentrations by plant part; UL = upper leaves, LL = lower leaves, US = 
upper stems, LS = lower stems. 
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XI. APPENDIX D: NUTRIENT LEVELS OF HEALTHY AND DEFICIENT SOYBEAN TOPS 
AT BLOOM STAGE^ 
Concentrations 
Nutrient Units 
Healthy 
plants 
Upper limit of 
deficient plants 
N % 2.7 — — 
P % 0.3 0.2 
K % 2.5 2.0 
Ca % 1.5 0.8 
Mg % 0.6 
S 7= 0.25 
B ppm 40 20 
Mn ppm 35 15 
Fe ppm 100^ 
Cu ppm 25^ - — 
Mo ppm 2 0.3 
Zn ppm 30 20 
^Sprague (146). 
2 Values based on limited data. 
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XII. APPENDIX E; ADDITIONAL REFERENCES ON NUTRIENT CONCENTRATIONS IN 
SOYBEANS 
Nitrogen 
A 50 bushel per acre yield requires approximately 295 pounds of 
nitrogen, while a 100 bushel per acre yield may require 560 pounds (137). 
Additional values reported for percent nitrogen include 0.70-7.49 (21), 
0.8-5.1^, 1.24-5.11 (42), 1.5-3.5 (125), 1.5-4.0 (59), 1.6-3.8 (172), 
2.10-2.78 (27), 2.70-4.06 (53), 2.86-3.54 (166), 3.2-4.4 (5), 3.44 (47, 
30), 3.47-6.24 (78), 4.54-5.99 (80), 5.25-6.63^, and 6.30-6.76 (90). 
Phosphorus 
A 50 bushel per acre yield requires approximately 25 pounds of 
phosphorus, while a 100 bushel per acre yield may require 48 pounds (137). 
Additional values reported for percent phosphorus include 0.05-0.60 (125), 
0.07-0.76 (21), 0.08 (47), 0.08-0.59 (30), 0.10-1.17 (127), 0.12-0.15 (11), 
0.140-0.187 (97), 0.16-0.22^, 0.185-1.184 (165), 0.19-0.27 (85), 0.20-0.30 
(24), 0.20-0.52 (42), 0.201-0.377 (166), 0.23-0.47%, 0.25 (106), 0.24-0.34 
(80), 0.27-0.45 (59), 0.29-0.64 (53), 0.30 (9), 0.30-0.35 (1), 0.33-2-23 
L. Hofman, and K. L. Larson. 1968. Influence of drought on 
Kjeldahl nitrogen in plant parts of alfalfa, soybeans, and barley. Agron. 
Abstr. 1968:34. 
2 G. R. Hawkes. 1957. Some factors affecting the nitrogen nutrition 
of the soybeans. Dissertation Abstr. 17:2754-2756. 
3 H. A. A. Mascarenhas. 1970. The growth and mineral content of soy­
beans (Glycine max (L.) >ferrill) as influenced by soil pH, zinc, magnesium, 
and other elements. M.S. Thesis, Univ. of Florida, Gainesville, Florida. 
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(5), 0.335-0.352 (27), 0.35 (100), 0.36-0.40 (39), 0.37 (104), 0.419-0.822 
(28), 0.42 (52), 0.42-0.58^, 0.42-0.90 (74), 0.441-0.661 (78), 0.86-2.0 
(51), 1.1-1.6 (172), 1.55-2.50 (51), and 4120-7370 ppm (73). 
Potassium 
A 50 b-a.-hel per acre yield requires approximately 105 pounds potassium 
per acre, wnile a 100 bushel per acre yield may require 200 pounds (137). 
Additional values reported for percent potassium include 0.24-3.55 (21), 
0.3-5.7 (125). 0.48-2.11 (123), 0.50-0.85^, 0.6 (47), 0.6-0.7 (5), 0.6-
2.95 (30), 0.68-2.43 (53), 0.78-2.03 (164), 0.84-1.93 (166), 0.97-2.60*, 
1.16-2.24 (78), 1.24-1.57 (80), 1.29-2.17 (28), 1.35-3.24 (42), 1.48-1.65 
(27), 1.68-2.20^, 1.75-2.08 (1), 1.80-1.99 (39), 1.92-3.36 (59), 2.0 (9), 
2.20 (100), 2.4-3.4 (172), 2.5 (106), 3.0-6.5 (51), 3.53-3.8 (168), 4.2 
(52), and 18,200-22,500 ppm (73). 
Calcium 
There are few, if any, calcium or magnesium deficiencies in the Mid­
west. Ratio or balance has been questioned, as has potassium induced 
magnesium deficiency (the latter has not been varified in the field) (137). 
2 Additional values reported for percent calcium include 0.10-0.30 , 0.163-
0.470 (28), 0.17-2.14 (21), 0.26-0.70 (59), 0.26-6.50 (125), 0.37-1.23 
(78), 0.40 (100), 0.58-0.90 (53), 0.726-0.825 (97), 0.82-1.21 (51), 0.82-
2.80^, 1.02-1.56 (172), 1.20-1.46 (164), 1.39-1.69 (109), 1.4-1.9 (166), 
4 P. W. Syltie. 1971. Correlation studies of rapid tissue tests with 
yield and plant and soil analyses. M.S. Thesis, Univ. of Illinois, Urbana, 
Illinois. 
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1.42-2.22 (80), 1.9-2.7 (5), 2.01-2.31 (39), 2.14-2.25 (1), 3.40 (47), 
and 12,608-15,500 ppm (73). 
Magnesium 
See comments above for calcium. Additional values reported for per­
cent magnesium include 0.033-0.897 (165), 0.092-1.49 (125), 0.13-0.92^, 
0.14-0.23^, 0.15-0.48 (53), 0.21-0.36% MgO (123), 0.21-0.66 (59), 0.26-
0.30 (123), 0.28-0.44^, 0.28-0.64 (51), 0.28-1.13 (21), 0.30 (100), 0.30-
0.59 (30), 0.40 (47), 0.51-1.00 (166), 0.586-0.719 (5), 0.62-1.08 (80), 
0.78-0.86 (1), 0.84-0.94 (172), and 6,180-6,290 ppm (73). 
Sulfur 
Soil tests are of little value. The important property is rate of 
release of sulfur from organic matter (137). Additional values reported 
for percent sulfur include 0.1-0.5 (125), 0.11-0.24 (30), 0.22-0.32 (172), 
and 0.23-0.25 (5). 
Iron 
Iron deficiencies are second only to manganese deficiency as a micro-
nutrient problem in the Midwest. Deficiencies are most common on soils 
with pH above 7.0 (trivalent iron is less available), or in the presence 
of excess phosphorus, calcium, manganese, or zinc. Wet soils, extreme 
temperatures, and intense light tend to emphasize iron deficiencies (137). 
Additional values reported for ppm iron include 0.30 (100), 0.37-1875.7 
(103), 3-36,250 (125), 5.61-6.75 (168), 25-58 (23), 28-124 (30), 35-48 
(145b), 39-65^, 49-53 (73), 70-113^, 103-236 (51), 105-170 (80), 134-227 
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(166), 150-230 (11), 197-245 (1), and 500 (47). 
Manganese 
Manganese is the number one micronutrient deficiency problem in both 
the Midwest and the South. Toxicity problems can occur as well. High 
organic matter levels accent the need for manganese, as do coarser soils 
and higher pH levels. Toxicity is most common on strongly acid soils (137). 
Additional values reported for ppm manganese include 2-999 (30), 5-1000 
(125), 9-22 (98), 10.5-219.0 (147), 17-20 (145b), 20 (100), 22-190 (103), 
30-791^, 31-190^, 40-2,168 (109), 50-450 (11), 52.7-78.5 (166), 54 (47), 
56-107 (80), 85-97 (73), and 100-113 (1). 
Boron 
No boron deficiencies have been verified in the field. Toxicity 
may be a greater concern, since the relative range between deficiency and 
toxicity levels is narrower than for any other micronutrient (137). 
Additional values reported for ppm boron include 10-2000 (125), 10.7-58.6 
(148), 17-200 (71), 20 (47, 30), 25 (100), 32-60 (166), 37.7-57.7 (51), 
40 (52), 46-64 (80), 47-57 (73), and 72-74 (1). 
Zinc 
Soybeans are less sensitive to low zinc levels than corn, so if corn 
does not show zinc deficiency, soybeans should not either. Soils with 
high pH, high phosphorus levels, or low organic matter are most likely to 
produce zinc deficiency. Nitrogen enhances zinc uptake, while iron 
suppresses it. Zinc toxicity is also possible (137). Additional values 
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reported for ppm zinc include 6-293^, 7-4-1650 (103), 8.6-39.4 (127), 
14.3-35.1 (122), 15 (100), 16-24 (125), 16.3-24.3 (159), 30 (52), 34-51 
(166), 36-39 (1), and 57-77 (80). 
Copper 
Copper deficiencies are most likely on high organic matter soils, on 
highly leached, acid, sandy soils, or on calcareous soils with free lime­
stone (137). Additional values reported for ppm copper include 4-33 (125), 
5 (100), 7.0-7.6 (73), 8-60 (11), 12-17 (80), and 12-24 (166). 
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XIII. APPENDIX F: SOYBEAN DEVELOPMENT STAGE DESCRIPTIONS 
Stage of 
growth 
Average 
date 
Average 
height 
(inches) General description of plant development 
3 
4 
8 
10 
June 18 4-6 
June 28 7-9 
July 8 12-14 
July 15 15-18 
July 21 21-24 
Aug. 2 26-28 
Aug. 12 31-33 
Aug. 26 33-35 
Sept. 4 33-36 
Sept. 13 34-37 
First trifoliate leaf completely unrolled, 
second trifoliate leaf in budding stage 
or unrolling. 
Three trifoliate leaves completely un­
rolled, fourth one beginning to unroll. 
Some cotyledons dropped. 
Five to six trifoliate leaves unrolled. 
One to 5 percent of plants flowering. 
Seven to eight trifoliate leaves unrolled. 
Some stem branching. Forty to 60 percent 
of plants flowering with one to four flow­
ers per plant. 
Nine to ten trifoliate leaves unrolled. 
More stem branching evident. Full bloom 
stage with withered flowers in lower leaf 
axils. 
Pods in lower half of plants well formed 
and up to % inch long. Practically through 
blooming although a few flowers still in 
evidence in tops of plants. 
Pods plainly evident in tops of plants. 
Lower pods nearly full length with beans 
developing in them. Flowering ceased. 
Pods in top of plants full length- Pods in 
lower half of plants containing beans 
approaching "green bean" stage. No yellow­
ing of leaves. 
Bottom leaves on plants beginning to yellow. 
Top pods almost fully developed with beans 
approaching "green bean" stage. 
Leaves 30 to 50 percent yellow with a few 
falling. Lower pods yellowing. 
^From Kalton et al. (84), with data from 1943 through 1946. 
195 
XIV, APPENDIX G: STAGE OF DEVELOPMENT DESCRIPTIONS FOR SOYBEANS^ 
Vegetative stages 
Vegetative stages are determined by counting the number of nodes on 
the main stem, beginning with the uaifoliolate node, which have or have 
had a completely unrolled leaf. A leaf is considered completely unrolled 
when the leaf at the node immediately above it has unrolled sufficiently 
so the two edges of each leaflet are no longer touching. At the terminal 
node on the main stem, the leaf is considered completely unrolled when the 
leaflets are flat and similar in appearance to older leaves on the plant. 
Stage no. Description 
VI Completely unrolled leaf at the unifoliolate node. 
V2 Completely unrolled leaf at the first node above the 
unifoliolate node. 
V3 Three nodes on main stem beginning with the unifolio­
late node. 
V(N) N nodes on the main stem beginning with the unifolio­
late node. 
Reproductive stages 
Stage no. Description 
R1 One flower at any node. 
R2 Flower at node immediately below the uppermost node 
with a completely unrolled leaf. 
R3 Pod 0.5 cm (1/4 inch) long at one of the four uppermost 
nodes with a completely unrolled leaf. 
R4 Pod 2 cm (3/4 inch) long at one of the four uppermost 
nodes with a completely unrolled leaf. 
R5 Beans beginning to develop (can be felt when the pod is 
squeezed) at one of the four uppermost nodes with a 
completely unrolled leaf. 
R6 Pod containing full size green beans at one of the four 
uppermost nodes with a completely unrolled leaf. 
R7 Pods yellowing; 50% of leaves yellow. Physiological 
maturity. 
R8 95% of pods brown. Harvest maturity. 
^From Fehr et al. (49). 
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XV. APPENDIX H. A PROPOSED SYSTEM FOR DESCRIBING STAGES OF DEVELOPMENT 
IN SOYBEANS! 
A new system assigns separate stage designations for vegetative and 
reproductive development. 
All stages, except Rll, are based on 50% of the plants at or beyond 
a given phase of development. The main stem is used for stage determina­
tion and branches are ignored. 
Vegetative Stages 
Vegetative stages are determined by counting the number of nodes with 
a completely unrolled leaf above the unifoliolate node and dividing the 
number of nodes by 2. A leaf is considered completely unrolled when the 
leaf at the node immediately above it has unrolled sufficiently so that 
the leaf edges are no longer touching. Example; 5 nodes with a completely 
unrolled leaf above the unifoliolate node 5/2 = Stage V2.5. Vegetative 
stage numbers are preceded by a V. 
Stage no. Description 
V0.5 Leaf unrolled at first node above unifoliolate node 
VI.0 Leaf unrolled at second node above unifoliolate node 
VI.5 Leaf unrolled at third node above unifoliolate node 
V2.0 Leaf unrolled at fourth node above unifoliolate node 
V3.0 Leaf unrolled at sixth node above unifoliolate node 
V4.0 Leaf unrolled at eighth node above unifoliolate node 
V5.0 Leaf unrolled at tenth node above unifoliolate node 
V6.0 Leaf unrolled at twelfth node above unifoliolate node 
V7.0 Leaf unrolled at fourteenth node above unifoliolate node 
V8.0 Leaf unrolled at sixteenth node above unifoliolate node 
V9.0 Leaf unrolled at eighteenth node above unifoliolate node 
VIO.O Leaf unrolled at twentieth node above unifoliolate node 
etc. 
Reproductive Stages 
Reproductive stage numbers begin with R4 when 50% of the plants have 
at least one flower. Stages R4 and R5 are based on flowering only, stages 
R6 and R7 - pod development, stage R8 and R9 - seed development, and RIO 
^From Burmood et al., Iowa State Univ. Agron. Dept. Mimeograph, 1970. 
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and Rll - the maturing process. Reproductive stage numbers are preceded 
by R. 
Stage no. Description 
R4 50% of the plants with at least one flower. 
R5 Flower at node immediately below the uppermost node with 
a completely unrolled leaf. A leaf is considered com­
pletely unrolled when the leaf at the node immediately 
above it has unrolled sufficiently so that the leaf 
edges are no longer touching. 
R6 Pod just visible at one of the five uppermost nodes with 
a completely unrolled leaf. 
R7 Pod 3/4" long at one of the five uppermost nodes with a 
completely unrolled leaf. 
R8 Beans beginning to develop at one of the five uppermost 
nodes with a completely unrolled leaf. A bean is consi­
dered "beginning to develop" when it can be felt when 
the pod is squeezed. 
R9 Pod containing full size green beans at one of the five 
uppermost nodes with a completely unrolled leaf. 
RIO Pods yellowing; 50% of the leaves yellow. Physiological 
maturity. 
Rll 95% of the pods brown. Harvest maturity. 
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APPENDIX I: PLOT MAP OF SITE 5, 1970 PLANTING PATTERN 
REP II REP I 
Hark Wayne Amsoy Hark Wayne Amsoy 
N 200 N, 
N, N, 200 
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APPENDIX J: PLOT MAP OF SITE 6, 1969 PLANTING PATTERN 
REP I REP II 
Back-
\ 
\ PK 
\ \ 
V \\\ ?n4 
^ Back-
Hark Wayne Amsoy Amsoy Wayne Hark 
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XVIII. APPENDIX K: 1970 SOYBEAN STAGE OF DEVELOPMENT DATA 
Days after emergence ^  
Stage 101(PK)2 102fCK) 103(P) 
V R K Wn Ao w„ 0 2 0 2 0 2 0 2 0 2 0 2 
0.5 15 15 15 15 15 15 15 15 15 15 15 15 
1 20 20 20 20 21 20 21 20 20 20 20 20 
2 28 28 29 31 29 29 27 32 29 28 27 28 
3 30 39 39 38 39 39 43 39 34 39 38 38 
4 30 35 42 42 35 36 50 49 34 36 52 49 
5 38 42 49 52 41 42 54 54 38 43 57 54 
6 53 52 62 62 55 54 63 64 53 53 62 63 
7 64 66 83 84 66 68 85 85 66 68 85 85 
8 79 80 99 98 81 84 100 101 79 84 100 100 
9 92 98 104 104 94 100 105 105 93 98 105 104 
10 103 106 123 124 104 107 121 121 104 107 124 123 
11 111 115 135 135 113 116 135 134 112 115 137 136 
A^ll plots emerged on 5-18-70. 
P^lot number, with treatment in parentheses. 
3Variety - H = Hark, A = Amsoy, W = Wayne, Subscript 0 indicates no residual nitrogen, 
subscript 2 indicates residual nitrogen. 
R 
4 
5 
6 
7 
8 
9 
10 
11 
4 
5 
6 
7 
8 
9 
"2 
15 
20 
27 
37 
44 
54 
63 
86 
100 
105 
123 
134 
Days after emergence^ 
104 (K)b 201 (K) 202 (P) 
2^ 0^ 2^ "2 0^ '^^ 0 2^ ^^ 2 0^ 0^ 
18 18 18 18 15 15 15 15 15 15 15 
24 25 25 25 20 20 20 20 21 20 20 
33 31 32 32 29 27 27 29 28 29 27 
42 41 44 44 33 39 38 38 37 38 38 
35 38 52 52 33 36 42 45 30 35 44 
38 43 57 58 38 42 53 53 38 43 54 
54 58 62 64 54 55 63 63 54 59 63 
67 69 85 85 67 68 84 86 68 69 85 
79 82 100 100 80 81 98 100 83 85 100 
92 101 104 104 93 96 104 105 94 98 105 
105 110 123 124 105 106 121 123 105 109 122 
113 118 134 134 114 116 135 135 116 120 135 
203(PK) 204(CK) 
15 15 15 15 15 15 15 15 
20 20 20 20 21 21 21 21 
27 28 28 27 28 30 31 31 
38 38 37 38 31 37 38 38 
35 37 44 45 31 36 45 44 
40 41 52 53 38 42 54 53 
57 54 62 62 57 55 65 66 
66 67 85 85 67 69 85 85 
82 83 98 100 81 85 100 101 
92 96 103 104 92 97 105 106 
105 107 124 126 105 109 127 124 
115 118 137 137 116 121 136 135 
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APPENDIX L: 1971 SOYBEAN STAGE OF DEVELOPMENT DATA 
Days after emergence^ 
Stage lOl(CK)^  102(PK) 103 (K) 104 (P) 
V R A^  W3 H A W H A W H A W 
0.5 18 18 18 17 18 19 17 18 19 15 18 17 
1 23 23 23 22 21 21 23 22 23 21 20 21 
2 28 29 30 29 28 28 28 29 29 29 28 28 
3 36 40 38 36 36 36 35 37 38 37 36 37 
4 35 39 45 38 38 45 38 39 46 37 38 46 
5 43 45 53 43 45 53 43 45 55 39 45 53 
6 56 56 58 55 55 59 54 55 61 55 55 59 
7 61 61 71 60 60 71 59 62 73 60 60 72 
8 74 76 81 72 72 80 72 75 82 72 75 82 
9 88 88 102 86 88 96 85 89 98 86 89 102 
10 102 106 114 99 106 115 101 103 117 101 104 118 
11 113 116 125 113 115 125 111 113 127 113 114 126 
All plots emerged on 5-23-71. 
Plot number, with treatment in parentheses. 
Variety - H = Hark, A = Amsoy, and W = Wayne. 
Days after emergence^ 
Stage 201(K)b 202(P) 203(CK) 204(PK) 
V R HC AC WC H A W H A W II A W 
).5 18 19 19 17 18 18 18 19 18 18 18 18 
1 22 22 22 22 22 22 22 22 22 21 22 21 
2 29 30 28 28 28 27 28 29 29 28 28 28 
3 39 38 39 38 37 37 36 38 37 35 35 37 
4 37 39 44 37 38 43 36 40 44 35 35 43 
5 40 43 52 39 43 53 39 43 53 39 39 53 
6 53 56 60 54 57 61 54 55 60 55 54 60 
7 57 61 70 58 62 70 59 64 70 58 61 70 
8 71 74 81 71 75 84 72 75 82 73 76 84 
9 85 88 100 85 90 101 86 90 100 85 90 97 
10 99 105 115 103 107 118 102 106 117 103 108 118 
11 114 115 126 115 118 125 112 116 126 114 119 125 
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XX. APPENDIX M: MEAN HARK SUBPLOT DATA AND ANALYTICAL VALUES, 1971 
SOYBEANS 
Sample number and plant part 
Leaves 
Factor Units 1 2 3 4 5 6 7 8 
DM g 12.4 27.0 31.6 29.1 45.0 38.4 27.6 14.5 
WSC % 10.4 11.3 11.7 11.9 14.0 14.2 14.7 16.8 
N 1 5.0 4.9 5.4 5.2 4.8 4.5 3.2 2.0 
P % .30 .34 .36 .33 .29 .28 .24 .19 
S % .28 .25 .24 .26 .21 .23 .19 .14 
K % 1.97 1.52 1.79 1.40 1.51 1.38 1.13 1.19 
Ca 1 1.42 1.38 1.32 1.31 1.50 1.93 3.00 3.58 
Mg % 0.51 0.54 0.49 0.42 0.46 0.44 0.54 0.53 
Na 1 .051 .069 .063 .033 .056 .055 .060 .068 
Si 7o 1.57 3.18 2.20 1.84 1.79 1.80 2.19 1.77 
A1 ppm 345 937 437 296 314 336 314 305 
Fe ppm 423 989 583 418 371 415 372 396 
Mn ppm 91 103 107 87 108 138 172 193 
Zn ppm 74 84 78 70 73 79 75 60 
Cu ppm 16 17 18 15 17 16 14 13 
B ppm 50 57 54 56 60 69 75 75 
DAE days 37 51 57 64 73 86 94 101 
V STAGE V 3.0 4.9 5.8 6.8 7.7 8.1 8.6 8.4 
R STAGE R 4.1 5.7 6.6 7.3 8.2 8.9 9.3 10.2 
DW5FT g 130 315 400 440 625 743 781 705 
207 
Sample number and plant part 
Petioles 
Factor Units 1 2 3 4 5 6 7 8 9 
DW g 3.0 15.9 20.5 22.0 31.8 31.2 29.1 20.3 9.6 
WSC % 6.8 7.6 8.4 8.8 9.8 11.6 7.5 6.8 4.4 
N % 2.0 1.9 2.1 2.2 1.5 1.9 1.2 0.8 0.7 
P % .23 .23 .24 .25 . 18 .18 .15 .12 .05 
S % .20 .16 .14 .16 .14 .15 .13 .11 .11 
K % 3.63 2.89 2.96 2.36 2.13 1.75 1.42 1.36 1.05 
Ca % 1.73 1.42 1.33 1.31 1.44 1.56 1.79 1.69 1.21 
Mg 7o 0.51 0.54 0.54 0.48 0.52 0.51 0.58 0.52 0.53 
Na % .038 .053 .065 .031 .055 .057 .047 .037 .056 
Si % 0.41 0.79 0.74 0.75 0.45 0.33 0.21 0.20 0.23 
A1 ppm 153 218 190 136 156 137 119 112 117 
Fe ppm 156 232 170 153 167 162 149 103 141 
Mn ppm 40 48 62 48 55 58 55 47 39 
Zn ppm 45 45 40 36 32 27 23 17 23 
Cu ppm 12 15 16 13 13 13 9 7 11 
B ppm 29 35 33 34 32 35 30 29 37 
DAE days 37 51 57 64 73 86 94 101 114 
V STAGE V 3.0 4.9 5.8 6.8 7.7 8.1 8.6 8.4 7.9 
R STAGE R 4.1 5.7 6.6 7.3 8.2 8.9 9.3 10.2 11.0 
DW5FT g 130 315 400 440 625 743 781 705 635 
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Sample number and plant part 
Stems 
Factor Units 1 2 3 4 5 6 7 8 9 
DW g 5.3 21.1 25.1 24.1 36.6 39.4 47.4 34.7 22.6 
WSC % 4.8 5.4 6.4 6.7 6.8 9.4 6.2 5.2 3.2 
N % 2.3 1.9 1.8 1.6 1.7 1.8 0.9 0.7 0.7 
P 7, .24 .19 .22 .18 .17 .13 .10 .10 .04 
S % .22 .18 .17 .20 .18 .22 .15 0.16 .14 
K "L 2.75 2.21 2.19 1.63 1.26 1.06 0.90 0.88 0.97 
Ca % 1.09 0.78 0.90 0.82 0.81 0.81 0.73 0.74 0.82 
Mg % 0.47 0.41 0.54 0,49 0.49 0.46 0.41 0.42 0.44 
Na % .050 .036 .060 .035 .042 .043 .040 .033 .059 
Si 7o 0.31 0.51 0.38 0.43 0.25 0.22 0.16 0.18 0.18 
A1 ppm 126 155 137 97 100 93 68 71 84 
Fe ppm 159 154 137 139 157 132 120 83 119 
Mn ppm 32 26 44 31 33 35 26 27 29 
Zn ppm 31 27 24 19 20 18 13 13 20 
Cu ppm 16 14 16 13 12 12 9 8 12 
B ppm 26 23 25 23 23 21 16 22 33 
DAE days 37 51 57 64 73 86 94 101 114 
V STAGE V 3.0 4.9 5.8 6.8 7.7 8.1 8.6 8.4 7.9 
R STAGE R 4.1 5.7 6.6 7.3 8.2 8.9 9.3 10.2 11.0 
DW5FT S 130 315 400 440 625 743 781 705 635 
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Sample number and plant part 
Beans + pods Pods Beans 
Factor Units 5 6 7 8 9 8 9 
DW 
WSC 
N 
P 
S 
K 
Ca 
Mg 
Na 
Si 
A1 
Fe 
Mn 
Zn 
Cu 
B 
DAE 
V STAGE 
R STAGE 
DW5FT 
15.2 51.2 96.2 29.2 19.0 32,9 47.1 
% 9.7 8.4 7.8 5.8 5-8 11.4 11.3 
% 3.7 3.2 3.8 1.0 0-8 6.5 6.6 
% .36 .27 .34 .11 .06 .50 .56 
% .19 .15 -20 .10 .12 .32 .30 
% 2.13 2.08 1.81 1.73 1.79 1.64 1.86 
% 0.86 0.84 0.64 1.12 1.27 0.23 0.31 
% 0.44 0.41 0.42 0.55 0.63 0.21 0.24 
7o .054 .047 .041 .037 .061 .016 .043 
7o 0.77 0.37 0.16 0.23 0.24 15' 0.15' 
ppm 119 74 28 49 74 8' 8' 
ppm 190 142 136 48 98 79 119 
ppm 63 53 39 53 56 22 26 
ppm 55 39 46 20 23 57 42 
ppm 15 14 15 10 12 16 20 
ppm 41 40 38 36 40 30 36 
days 73 86 94 101 114 101 114 
V 7.7 8.1 8.6 8.4 7.9 8.4 7.9 
R 8.2 8.9 9.3 10.2 11.0 10.2 11.0 
S 625 743 781 705 635 705 635 
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XXI. APPENDIX N: MEAN AMSOY SUBPLOT DATA AND ANALYTICAL VALUES, 1971 
SOYBEANS 
Sample number and plant part 
Leaves 
Factor Units 1 2 3 4 5 6 7 8 
DW g 12.0 29.5 30.6 32.4 51.8 50.9 41.1 32.4 
WSC % 11.6 12.9 13.2 14.8 14.9 15.4 14.4 17.0 
N % 4.9 4.8 5.4 5.2 4.9 4.7 3.8 2.6 
P % .31 .33 .33 .34 .30 .27 .25 .22 
S % .30 .23 .25 .23 .20 .27 .21 .15 
K % 1.75 1.36 1.67 1.41 1.35 1.37 1.26 1.06 
Ca % 1.37 1.27 1.20 1.15 1.29 1.53 2.01 2.49 
Mg % 0.51 0.53 0.48 0.42 0.44 0.43 0.45 0.51 
Na % .040 .065 .059 .028 .052 .055 .053 .051 
Si 7o 1.47 3.27 2.41 1.75 1.91 1.66 1.87 1.91 
A1 ppm 304 1076 510 274 327 279 238 291 
Fe ppm 387 1244 671 374 386 378 305 345 
ppm 84 96 93 78 92 111 123 135 
Zn ppm 78 75 70 61 62 63 60 57 
Cu ppm 15 17 18 14 15 15 14 12 
B ppm 48 49 48 49 58 58 65 66 
DAE days 37 51 57 64 73 86 94 101 
V STAGE V 3.0 4.8 5.8 6.8 7.6 8.4 8.7 8.3 
R STAGE R 3.9 5.5 6.2 7.1 8.0 8.7 9.1 9.3 
DW5FT g 132 328 370 425 575 718 763 767 
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Sample number and plant part 
Petioles 
Factor Units 1 2 3 4 5 6 7 8 9 
DW g 2.5 14.7 17.0 18.0 33.6 38.6 34.2 30.3 12.3 
WSC 7= 7.1 8.6 8.8 9.6 9.7 10.9 9.0 8.2 4.6 
N % 1.9 1.7 1.8 1.8 1.3 1.6 1.4 1.2 0.6 
P % .21 .22 .23 .23 .18 .16 .13 .12 .05 
S 7o .21 . 16 .14 . 15 .13 .14 .11 .10 .10 
K % 3.60 3.01 3.00 2.60 2.25 1.53 1.39 1.41 0.86 
Ca % 1.60 1.41 1.31 1.19 1.27 1.22 1.38 1.42 1.23 
Mg % 0.54 0.62 0.58 0.50 0.49 0.47 0.55 0.52 0.57 
Na % .045 .073 .068 .044 .054 .034 .041 .047 .051 
Si % 0.41 0.74 0.82 0.75 0.31 0.24 0.16 0.16 0.23 
A1 ppm 145 212 207 133 121 no 84 73 96 
Fe ppm 142 197 175 141 166 136 132 77 115 
Mn ppm 41 57 72 53 55 53 58 55 47 
Zn ppm 45 42 40 34 26 25 21 15 22 
Cu ppm 14 16 16 14 13 10 9 8 10 
B ppm 31 33 31 29 27 30 26 25 36 
DAE days 37 51 57 64 73 86 94 101 114 
V STAGE V 3.0 4.8 5.8 5.8 7.6 8.4 8.7 8.3 8.2 
R STAGE R 3.9 5.5 6.2 7.1 8.0 8.7 9.1 9.3 10.9 
DW5FT g 132 328 370 425 575 718 763 767 671 
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Sample number and plant part 
Stems 
Factor Units 1 2 3 4 5 6 7 8 9 
DW g 5.4 23.0 28.0 29.9 44.2 47.2 47.7 43.0 28.2 
WSC % 5.1 6.4 7.4 7.5 7.8 9.5 7.5 6.2 3.0 
N % 2.2 1.7 1.7 1.4 1.3 1.4 1.1 0.9 0.7 
P % .20 .18 .20 .18 .15 .13 .11 .09 .04 
S 7o .18 .13 .13 .15 .16 .16 .16 .13 .12 
K % 2.50 2.37 2.08 1.48 1.00 0.85 0.83 0.76 0.61 
Ca 7o 1.00 0.72 0.84 0.77 0.75 0.76 0.73 0.79 0.77 
Mg % 0.46 0.43 0.56 0.53 0.54 0.49 0.51 0.46 0.49 
Na % .029 .044 .056 .039 .037 .036 -043 .032 .054 
Si % 0.29 0.52 0.36 0.58 0.21 0.19 0.16 0.17 0.15' 
A1 ppm 115 159 121 100 85 79 61 58 63 
Fe ppm 166 181 130 116 139 129 131 79 100 
Mn ppm 28 26 47 35 37 40 37 29 35 
Zn ppm 27 25 21 21 22 18 15 11 18 
Cu ppm 13 15 15 13 11 10 10 7 10 
B ppm 24 23 22 24 25 21 18 16 32 
DAE days 37 51 57 64 73 86 94 101 114 
V STAGE V 3.0 4.8 5.7 6.8 7.6 8.4 8.7 8.3 8.2 
R STAGE R 3.9 5.5 6.2 7.1 8.0 8.7 9.1 9.3 10.9 
DW5FT g 132 328 370 425 575 718 763 767 671 
213 
Sample number and plant part 
Factor Units 
Pods + beans Pods Beans 
5 6 7 8 9 8 9 
DW g 12.4 50.7 86.1 32.8 19.6 31.0 51.2 
WSC % 9.3 9.1 8.1 6.7 5.7 11.1 12.1 
N 7= 3.7 3.3 3.2 1.4 0.9 6.0 6.4 
P 7o .40 .30 .26 .13 .06 .43 .49 
S % .19 .17 .17 .11 .10 .32 .25 
K % 2.22 1.91 1.70 1.70 1.53 1.53 1.68 
Ca % 0.91 0.74 0.70 0.94 1.06 0.23 3.29 
Mg % 0.48 0.39 0.43 0.48 0.54 0.21 0.23 
Na % .062 .037 .040 .038 .050 .019 .034 
Si % 0.84 0.39 0.21 0.18 0.20 .15' .15' 
A1 ppm 110 70 38 32 71 8' 8' 
Fe ppm 193 150 128 45 95 70 113 
Mn ppm 58 49 43 44 47 18 19 
Zn ppm 52 39 40 20 20 49 37 
Cu ppm 16 14 13 10 10 15 17 
B ppm 35 32 31 28 36 22 31 
DAE days 73 86 94 101 114 101 114 
V STAGE V 7.6 8.4 8.7 8.3 8.2 8.3 8.2 
R STAGE R 8.0 8.7 9.1 9.3 10.9 9.3 10.9 
DW5FT g 575 718 763 767 671 767 671 
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XXII. APPENDIX 0: MEAN WAYNE SUBPLOT DATA AND ANALYTICAL VALUES, 1971 
SOYBEANS 
Sample number and plant part 
Leaves 
Factor Units 1 2 3 4 5 6 7 8 9 
DW g 12.6 28.4 35.3 34.5 61.2 68.0 58.4 49.0 15.9 
WSC % 10.2 10.6 10.3 11.1 12.7 12.1 12.3 13.3 14.5 
N 7o 4.9 4.9 5.3 5.3 4.7 4.7 4.1 3.3 2.2 
P % .30 .32 .35 .35 .30 .38 .25 .24 20 
S % .27 .22 .25 .23 .20 .27 .22 .21 .12 
K % 1.89 1.49 1.93 1.61 1.50 1.58 1.41 1.34 1.32 
Ca % 1.58 1.36 1.33 1.26 1.37 1.61 2.08 2.24 3.09 
Mg % 0.53 0.49 0.47 0.43 0.44 0.45 0.44 0.43 0.59 
Na 7o .057 .056 .071 .049 .046 .060 .052 .048 .090 
Si % 1.66 3.35 2.50 2.07 2.01 1.77 1.87 1.88 2.75 
A1 ppm 350 1020 521 367 366 322 244 280 549 
Fe ppm 387 1103 665 487 38 412 325 384 493 
Mn ppm 95 89 101 89 94 115 122 127 134 
Zn ppm 72 76 70 66 59 60 58 52 45 
Cu ppm 17 17 18 17 15 17 15 14 15 
B ppm 50 55 52 56 56 56 60 57 52 
DAE days 37 50 57 64 73 86 94 101 114 
V STAGE V 2.9 4.9 5.7 6.9 7.8 8.9 9.2 9.2 9.0 
R STAGE R 3.2 4.9 5-7 6.2 7.3 8.3 8.8 9.1 9.9 
DW5FT g 120 312 371 425 607 738 889 810 906 
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Sample number and plant part 
Petioles 
Factor Units 1 2 3 4 5 6 7 8 9 10 
DW S 2.5 14.4 16.8 16.2 35.0 43.3 40.4 35.5 16.9 29.2 
WSC % 6.4 7.1 7.4 8.3 8.8 9.6 9.2 10.0 6.6 4.6 
N % 2.0 1.9 2.0 2.0 1.6 1.8 1.6 1.4 0.9 0.7 
P % .21 .20 .21 .22 .18 .18 .15 .14 .07 .05 
S % .19 .13 .14 .16 .14 .13 .16 .13 .10 .13 
K % 3.07 2.66 2.77 2.45 1.91 1.64 1.40 1.26 1.08 0.67 
Ca % 2.10 1.74 1.69 1.52 1.53 1.48 1.65 1.59 1.59 1.19 
Mg % 0.53 0.54 0.56 0.52 0.50 0.51 0.52 0.48 0.58 0.51 
Na % .038 .051 .061 .044 .039 .049 .044 .041 .063 .022 
Si % 0.39 0.63 0.76 0.78 0.46 0.31 0.19 0.15' 0.23 0.28 
A1 ppm 159 193 211 142 149 115 93 70 108 149 
Fe ppm 148 171 184 143 169 146 132 60 121 156 
Mn ppm 40 46 61 48 45 47 41 34 40 27 
Zn ppm 43 39 34 33 28 26 22 15 25 19 
Cu ppm 13 15 15 14 12 12 11 8 10 5 
B ppm 28 33 30 34 31 31 29 28 40 33 
DAE days 37 50 57 64 73 86 94 101 114 123 
VSTAGE V 2.9 4.9 5.7 6.9 7.8 8.9 9.2 9.2 9.0 9,5 
RSTAGE R 3.2 4.9 5.7 6.2 7.3 8.3 8.8 9.1 9.9 10.8 
DW5FT g 120 312 371 425 607 738 889 810 906 — — — 
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Sample number and plant part 
Stems 
Factor Units 1 2 3 4 5 6 7 8 9 10 
DW g 4.7 21.0 26.2 27.7 47.6 60.2 60.1 54.5 31.8 44.0 
WSC % 4.5 4.9 5.6 5.7 6.2 6.9 7.2 7.1 5.2 3.6 
N 7= 1.9 2.0 2.1 2.0 1.7 1.8 1.6 1.4 0.8 0.9 
P % .20 .17 .19 .20 .17 .17 .14 .12 .04 .05 
S % .19 .15 .14 .16 .16 .15 .15 . 16 .13 .17 
K % 2.27 2.13 2.01 1.65 1.22 0.95 0.88 0.74 0.66 0.59 
Ca % 1.06 0.77 0.81 0.85 0.85 0.80 0.73 0.68 0.76 0.82 
Mg % 0.41 0.39 0.45 0.48 0.49 0.47 0.46 0.41 0.41 0.47 
Na % .032 .035 .051 .039 .039 .037 .039 .032 .059 .034 
Si % 0.41 0.62 0.37 0.71 0.41 0.24 0.15' 0.15' 0.15' 0.28 
A1 ppm 148 178 116 126 139 99 64 50 69 159 
Fe ppm 155 169 114 155 170 136 125 101 102 178 
Mn ppm 22 23 37 34 34 35 28 20 27 27 
Zn ppm 27 25 21 21 23 19 14 12 20 17 
Cu ppm 13 14 14 13 12 11 11 9 11 8 
B ppm 23 26 24 26 27 25 21 19 32 30 
DAE days 37 50 57 64 73 86 94 101 114 123 
VSTAGE V 2.9 4.9 5.7 6.9 7.8 8.9 9.2 9.2 9.0 9.5 
RSTAGE R 3.2 4.9 5.7 6.2 7.3 8.3 8.8 9.1 9.9 10.8 
DW5FT g 120 312 371 425 607 738 889 810 906 — — 
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Sample number and plant part 
Factor Units 
Pods + Beans Pods Beans 
5 6 7 8 9 10 8 9 10 
DW g 2.5 25.6 60.9 32.9 20.8 25.5 11.8 51.8 68.2 
WSC % 8.5 8.5 7.9 8.1 7.3 6.8 10.4 11.5 14.7 
N 7o 3.8 3.6 3.8 2.0 0.9 0.8 6.1 6.4 6.4 
P % .31 .31 .31 .18 .09 . 06 .44 .44 .49 
S % .16 .18 .18 .12 .10 .09 .31 .23 .34 
K % 1.94 2.06 1.78 1.84 1.52 1.26 1.63 1.58 1.78 
Ca X 1.21 0.87 0.70 1.01 1.29 1.34 0.33 0.32 0.31 
Mg % 0.51 0.40 0.37 0.44 0.62 0.63 0.21 0.22 0.21 
Na % .094 .046 .034 .040 .056 .029 .023 .039 .021 
Si % 0.90 0.45 0.15' 0.21 0.25 0.38 0.15' 0.15 0.15' 
A1 ppm 156 64 22 34 53 121 8' 8' 8' 
Fe ppm 291 140 121 47 80 120 71 103 113 
Mn ppm 77 53 36 37 44 40 26 22 18 
Zn ppm 50 46 46 23 22 20 51 36 29 
Cu ppm 18 15 15 13 13 9 16 18 16 
3 ppm 46 44 42 38 39 34 38 35 29 
DAE days 73 86 94 101 114 123 101 114 123 
VSTAGE V 7.8 8.9 9.2 9.2 9.0 9.5 9.2 9.0 9.5 
RSTAGE R 7.3 8.3 8.8 9.1 9.9 10.8 9.1 9.9 10.8 
DW5FT g 607 738 889 810 906 — — 810 906 — — 
218 
XXIII. APPENDIX P: RESPONSE OF SELECTED ANALYTICAL VALUES TO P FERTILITY 
LEVELS IN 1971 SOYBEAN LEAVES, PETIOLES, AND STEMS 
Anal. Plant Days after emergence 
value Units parts Variety 37 51 57 64 73 86 94 101 114 123 
Leaves H&A -0.6 -0.4 -0.7 -0.9 -2.7 -0.1 -0.9 -0.5 
W -0.8 -0.5 -2.3 -0.4 -2,0 0.1 -1,0 -1,6 -1.8 
Petioles H&A -0.3 -0.5 -0.5 0.8 -1.1 -1.2 -0.1 -0,4 -0.2 
W -0.2 -0.3 -0.8 -0.6 -0.7 -0,4 -1.3 -2.6 0.8 -0 
Stems H&A -0.1 0 0.3 -0.1 0,1 -0.6 -0.8 0.3 -0.2 
W -0.4 -0.6 0 -0.4 0 -0.2 -0.2 -0.3 1.4 0 
Leaves H&A .01 .03 .06 ,02 ,04 .03 .04 .03 
W .01 .02 .04 .03 .04 .01 .06 ,06 ,06 
Petioles H&A .04 .04 ,06 .03 ,04 .02 .05 .02 .02 
W .05 .04 .06 .03 .04 .04 .05 ,02 .03 0 
Stems H&A .04 .03 .03 .03 .04 .02 ,03 .01 .01 
W .05 .01 .05 ,03 .01 .03 .07 .01 .01 0 
Leaves H&A -3 2 0 -1 -1 -3 -2 -2 
W -3 2 -3 0 0 -2 2 -1 1 
Pe t iole s H&A -1 0 1 -5 -1 -1 -2 -1 -1 
W -2 2 0 -3 -2 -1 -1 -3 2 
Stems H&A -1 -2 -1 0 0 0 -2 -3 -2 
W -1 -3 0 -2 -2 0 0 -3 -2 
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XXIV. APPENDIX Q: RESPONSE OF SELECTED ANALYTICAL VALUES TO P OR K 
FERTILITY LEVELS IN 1971 SOYBEAN PODS AND/OR BEANS 
Plant part and days after emergence 
Response Anal. Pods plus Beans Pods Beans 
to: value Units Variety 73 86 94 101 114 123 101 114 123 
SOIL P WSC 7o H6eA -1.2 0.7 -0.2 0.2 -0.1 0.1 0.2 
W -0.6 1.2 -0.6 -0.2 0.2 -0.6 -0.4 -0.5 
p 7o H&A .07 .02 .05 0 -.01 .03 .09 
W -.11 -.01 .07 .06 .02 -.01 .02 .03 
Cu ppm H&A 0 0 -3 -2 -2 -2 -3 
W 3 -1 -I 1 0 -3 -2 -2 
.09 
-1 
SOIL K WSC " 'o H&A -1.2 -0.1 -0.1 0.3 0.3 0.7 -1.8 
W 0.3 -0.2 -0.8 -0.5 -0.8 0 0.4 0.3 
N / i H&A 0 -0.2 0.5 -0.1 -0.1 0.1 -0.2 
W -0.2 -0.2 0.1 -0.5 -0.1 -0.3 -0.1 -0.1 
P ' '/o H&A 0 -.03 .02 -.02 0 .03 0 
W . 12 0 -.01 -.02 0 -.01 -.05 0 
K ' 7. H&A 0,38 0.43 0.21 0.42 0.61 0.05 0.30 
W 0.47 0.40 0.14 0.71 0.14 0.98 -0.13 -0.23 
Ca %, H&A .01 .03 -.09 -.02 .06 -.06 -.02 
W -.20 .10 -.05 -.01 .14 .17 -.09 -.03 
Mg Z H&A -.04 -.06 -.10 -.11 -.02 0 .01 
W -. 13 -.03 -.08 -.06 -.07 1 o
 
-.01 -.01 
- 0 , 1  
-0.5 
11 
-0.04 
-.05 
.03 
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XXV, APPENDIX R: RESPONSE OF SELECTED ANALYTICAL VALUES TO K FERTILITY 
LEVELS IN 1971 SOYBEAN LEAVES, PETIOLES, AND STEMS 
Anal, Plant Days after emergence 
value Units part Variety 37 51 57 64 73 86 94 101 114 123 
WSC 7o Leaves H&A 
W 
Petioles H&A 
W 
Stems H&A 
W 
N % Leaves H&A 
W 
Petioles H&A 
W 
Stems H&A 
W 
P % Leaves H&A 
W 
Petioles H&A 
W 
Stems H&A 
W 
-0.2 0.6 -0.5 1.3 -0.1 0.9 1.5 1.4 
-0.5 1.5 -1.7 1.5 0.4 1.7 1.2 1.3 1.1 
-0.9 -1.3 -1.7 -2.0 -1.3 0.4 -0.6 -0.2 0 
-0.6 -0.3 -2.2 -1.0 -1.5 0.3 -1.2 1.8 -1.5 -0.3 
-0.3 -0.2 -0.4 -0.7 -0.8 0.4 -0.5 -0.1 0.2 
-0.6 -0.1 -1.2 -0.2 -0.6 1.0 -0.5 1.1 -1.5 0.6 
-0.1 0.1 0 -0.1 0.1 0 0.2 -0.2 
-0.8 -0.1 0.2 -0.3 0.1 -0.1 0 -0.5 0 
-0.1 -0.1 -0.1 0 0.1 -0.1 0 -0.2 -0.1 
-0.1 -0.1 -0.1 -0.1 0.2 0 0.1 -0.2 -0.1 
0.9 0.1 0.1 0 0 0 0 0 -0.1 
-0.3 -0.4 0 -0.3 0.1 -0.2 0 0.1 0 
-.03 -.02 -.05 -.05 -.01 -.05 -.03 -.03 
-.07 -.07 -.02 -.04 -.04 -.01 -.05 -.05 -.05 
-.05 -.02 -.01 -.02 -.02 -.02 -.01 0 0 
-.05 -.01 -.02 -.05 -.02 -.03 .01 -.03 -.01 
-.02 .01 -.01 0 -.02 -.01 -.01 -.01 -.01 
-.05 -.01 -.01 -.03 0 -.03 .01 -.02 ,01 
Ana 1. Plant Days after emergence 
value Units part Variety 37 51 57 64 73 86 94 101 114 123 
K 
Mg 
Leaves HSA 0.40 0.62 0.49 0.45 0.40 0.59 0.69 0.74 
W -0.10 0.35 0.70 0.37 0.77 0.96 0.75 0.48 1.09 
Petioles H&A 1.25 1.43 1.12 1.36 1.33 1.28 1.07 1.10 0.88 
W 1.01 1.35 1.57 1.04 1.11 1.27 1.28 0.95 1.35 
Stems H&A 0.91 1.34 1,35 0.99 0.72 0.71 0.42 0.64 0.54 
W 0.99 0.30 0.49 0.68 0.91 0.73 0.92 0.37 0.64 
Ca % Loaves H&A .25 -.19 -.15 -.23 -.26 -.32 -.71 -.67 
W -.11 -.39 -.15 -.29 .01 -.34 -.65 -.44 -.63 
Pe t io le s H&A -.29 -.09 -.08 -.08 -.04 .02 -.05 -.01 .19 
W -.29 .06 -.09 -.11 -.07 -.03 -.05 .19 .24 
Stems H&A -.07 .05 .02 .05 .06 .10 .11 .10 .10 
W -.19 -.04 -.04 .01 .05 .09 .02 .02 .12 
Leaves H&A -.r.i -.21 -.15 -.21 -.13 -.18 -.32 -.32 
W -.20 -.25 -.07 -.18 -.26 -.21 -.30 -.26 -.38 
Petioles H&A -.37 -.23 -.21 -.20 -.23 -.19 -.33 .19 -.08 
W -.23 -.09 -.22 -.31 -.22 -.26 -.27 -.22 -.24 
Stems H&A -.15 -.06 -.11 -.13 -.08 -.07 -.07 -.12 -.08 
W -.20 -.05 -.03 -.19 -.09 -.08 -.14 -.08 -.05 
0.67 
-.17 
.08 
-.25 
-.15 
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XXVI. APPENDIX S; MEAN ANALYTICAL VALUES BY PLANT PART, TIMES OF DAY, 
AND DAY OF WEEK STUDIES, 1971 SOYBEANS 
Analytical value 
% ppm 
Study 
Plant 
parti WSC 
Anions Ma ior Cations Oxide -Formers Trace 1 Cations 
B N P S K Ca Mg Na Si A1 Fe Mn Zn Cu 
Time of L 13.7 4.3 .28 .25 1.23 1.96 .54 587 1.74 274 365 132 67 15 62 
Day 
(n=25) P 9.5 1.6 .15 .14 1.50 1.38 .56 457 0.37 131 144 54 26 13 32 
S 7.0 1.6 .12 .18 0.86 0.75 .53 384 0.24 95 120 35 17 13 22 
Pod 8.0 2.8 .29 .16 1.89 0.85 .46 397 0.61 95 149 50 40 15 36 
Day of L 13.9 4.0 .28 .23 1.17 2.06 .56 564 1.68 256 327 132 64 15 59 
Week 
P 9.1 1.6 .16 .13 1.58 1.36 .55 480 0.32 n?. 130 52 26 14 32 (n=15) 
S 7.0 1.6 .13 .18 0.95 0.80 .52 359 0.26 91 123 34 18 14 24 
Pod 7.7 2.4 .27 .16 1.77 0.91 .48 401 0.46 69 114 48 39 14 36 
1 Plant part designations are L = leaves, P = petioles, S = stems. Pod = pods plus beans or pods 
alone. 
